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Abstract 
This thesis is focused on two areas: (i) the reactivities of pyridyl-l-azaallyl 
enamido germanium(II) chloride and (ii) the synthesis of late transition metal 
pyridyl-l-azaallyl complexes. 
Chapter 1 describes the reactivities of pyridyl-l-azaallyl enamido germanium(II) 
chloride. The reaction of [Ge{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}Cl] (27) with 
elemental chalcogens affords chalcogenonyl chloride complexes 
[Ge(E){N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}Cl] (E = S (33), Se (34)). Treatment of 
27 with Cul and Aul affords novel group 11 transition metal enamido germanium(II) 
chloride complexes [Ge(CuI){N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}Cl(THF)2]4 (35) 
and [Ge(AiiI){N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}Cl] (36) respectively. Reaction 
of 27 with 3,5-di-&r/-butyl-o-benzoquinone gives an oxidative cyclo-addition 
complex [Ge{0(2,4-di-Bu'-C6H2)0} {N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}Cl] (37). 
Treatment of 27 with excess NaBIL； affords a boron-germanium(II) hydride adduct 
[Ge(BH3){N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}H] (38). Reaction of 27 with 
commercially available LiCCPh affords [Ge{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}-
(CCPh)] (39). Treatment of 27 with excess lithium gives the unexpected complex 
[GeC(Ph)C(SiMe3)(C5H4N-2)]2 (40). 
Chapter 2 deals with the preparation and characterization of late transition metal 
ii 
pyridyl-l-azaallyl complexes. Reaction of the lithium pyridyl-1-azaallyl compound 
[Li{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}]2 (26) with late transition metal chlorides 
affords [M{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}2] ( M = M n (55), Fe (56), Co (57), 
Cu (58), where the ligands are bonded to the metal centers in rj ^  -pyridyl-enamido 
bonding modes. Treatment of 26 with Cul gives 
[Cu{C(C5H4N-2)C(Ph)N(SiMe3)2}]2 (59). Each copper(I) center is bridged by two 





第一章介紹含 1 -氮雜 i t丙基配位體的二价鍺氯化物的反應。化合物 
[Ge{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}Cl] ( 2 7 ) 與 硫 族 元 素 反 應 得 到 
[Ge(E){N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}Cl] (E = S (33), Se (34))。化合物 11 分別 
與壹碘化銅和壹碘化金進行反應，得到新的第十一族過渡金屬1-氮雜稀丙基配位 
體的二价氯化物化合物[Ge(CuI) {N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)} C1(THF)2]4 (35) 
和[Ge(AuI){N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}Cl] (36)。化合物 27 與 
butyl-o-benzoquinone 進行氧化環加成反應產生[Ge{0(2,4-di-Bu乂6H2)0}-
{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}Cl] (37)。化合物27與過量硼氫化鈉進行化學 
作用得到硼二价鍺氫化物[Ge(BH3){N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}H] (38) ° 化 
合物 2 7 與 購 買 的 L i C C P h 進 行 化 學 作 用 得 到 雜 合 鍺 亞 碳 基 





二 Mn (55), Fe (56), Co (57), Cu (58)。結果顯示1-氮雜烯丙基配位體以H定胺基鍵合模 
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Chapter 1 Reactivity of Pyridyl-l-azaallyl Germanium(II) 
Chloride 
1.1 Introduction 
1.1.1 General Aspects of Reactivity of Heteroleptic Germylenes 
The usual oxidation states of the Group 14 elements are +11 and +IV. The 
stability of these low oxidation state compounds increases down the group due to inert 
pair effect. Germylenes are usually unstable and oligomerize readily. However, its 
stability can be enhanced kinetically by using bulky ligands and/or 
thermodynamically by donor substituents which reduce electron deficiency at the 
germanium(II) center. Over the past three decades, a lot of efforts have been put on 
the study of homoleptic germylenes and a number of reviews have been published. 
These compounds can be prepared by metathesis reaction of GeCli.dioxane with 
corresponding ligand transfer reagents. 
On the other hand, heteroleptic germanium(II) compounds have received less 
attention and only a few of these compounds have been reported and structurally 
characterized. For example, [{HC(CMeNAr)2}GeCl] (Ar = 2,6-Pr'2C6H3)7 (I)， 
[{HC(CMeNPh)2}GeCl]8 (II), [(Pr^ATIJGeCl (ATI = aminotroponiminate)^ (III), 
ArGeCl (Ar = 2,6-bis((diethylamino)methyl)phenyl)'° (IV)，[Ge{C6H3-2,6-Mes2}Cl] 
(Mes = 2,4,6-trimethylphenyl)" (V), [HC(PPh2-NSiMe3)2GeCl]^^ (VI) have been 
1 
reported. Examples of heteroleptic germanium(II) compounds I-VI are shown in 
Figure 1.1. It has been shown that these compounds can serve as synthon in the 
synthesis of germylene bearing two different ligands. 
\ _ , \ / h /「' 
> < CI 、 认 ( 。 
Ar Z \ph /-Pr 
I II III 
k 
Q " r 。 | 〉 ( ) 、 
^ ^ p h / \ h 、 
IV V VI 
Fig. 1.1 Some heteroleptic germanium(II) compounds 
Recently, Couret and coworkers have reported the synthesis of two 
heteroleptic germylenes ArGeNR〗(R = SiMes (2a) or Pr' (2b)) from chlorogermylene 
ArGeCl (Ar = 2,6-bis((diethylamino)methyl)phenyl).^®'^^ (1) The heteroleptic 
germanium(II) amide was prepared by metathesis reaction of ArGeCl with lithium 
bis(trimethylsilyl) amide in Et20 in 1:1 ratio at -78°C. Hydrolysis of tungsten 
complexes ArN(SiMe3)2GeW(CO)5 (3) gave ArOHGeW(CO )5 (4). It is the first 
stable heteroleptic hydroxygermylene stabilized as pentacarbonyltungsten complex 
2 
(Scheme 1.1). Compound 3 was isolated as colorless crystals. 




y^^~^NEt2 / -NEt2 
/ \ , W ( C 0 ) 5 H2O / \ , w ( c o ) 5 
\ /J~Ge\0H \ /J~Ge\N(&Me3)2 
4 3 
Scheme 1.1 
Few examples of organogermanium(IV) h y d r o x i d e a r e reported recently, but 
heteroleptic gennanium(II) hydroxide is scarcely found. Recently, Roesky and 
coworkers reported the first example of heteroleptic germanium(II) hydroxide. 
Hydrolysis of stable germanium(II) chloride [{HC(CMeNAr)2}GeCl] (Ar = 
2,6-Pr'2C6H3) (5) with a slight excess of water and one equivalent of 
1,3-dimesitylimidazol-2-ylidene (Mes = 2,4，6-Me3C6H2) in toluene at room 
temperature led to the formation of [{HC(CMeNAr)2}GeOH] (6).^ ^ Compound 6 
was isolated as yellow crystals, soluble in polar and hydrocarbon solvents except 
hexane. IR spectrum showed a sharp absorption around 3571 cm\ which was 
3 
consistent with theoretical calculations of 3675 c m 】 and 3735 cm'^ for v (OH). ^H 
N M R spectrum showed a resonance for the hydroxyl proton at high field (d = 
1.54ppm), consistent with that found in Bu、Ge(0H)2 (d = 1.49ppm). From the 
X-ray structure analysis, Ge-0 bond distance (1.828(1) A ) was consistent with the 
theoretical calculations on Ge(0H)2. Roesky and coworkers have also reported the 
first germanium thionoacid [{HC(CMeNAr)2}Ge(S)0H] (Ar = 2，6-/-Pr2C6H3) (7).^ ^ 
Compound 7 was isolated as colorless crystals by the reaction of 6 and equivalent 
amounts of elemental sulfur at room temperature in toluene. X-ray structure analysis 
showed a Ge-S bond distance of 2.077(1) A in 7 is comparable to that in 
:{HC(CMeNAr)2}Ge(S)Cl]i9, indicates its double bond character. Moreover, they 
have reported the isolation and structural characterization of a discrete new jit-oxo 
heterobimetallic oxide systems. Reaction of 6 with equivalent amounts of Cp2MMe2 
in Et20 at -4。C with methane evolution yielded [{HC(CMeNAr)2}GeOM(Me)Cp2] 
(Ar 二 2，6-Pr'2C6H3, M = Zr (8), Hf (9)).^ ^ Compound 8 and 9 were isolated as air 
sensitive yellow-orange crystals. EI showed the same fragmentation pattern of 8 and 
9 featuring the cleavage of [M+ - 0M(Me)Cp2] (m/e 二 491). The bent Ge-O-M angle 
in 8 (143.8(1)。and 9 (141.9(2)。featured both oxide systems in the X-ray structure 
analysis. The reactivities of 5 are summarized in Scheme 1.2. 
4 
\ , r 
《 Ge、 + H2O + >• 
/ a \ 
Ar Mes 
5 
\ /Ar \ Ar \ ^Ar 
/ \ r Cp,MMe, X 1/8 Ss / 
I / = \ 入 \ 
Ar Ar Ar 
6 
M = Zr (8) + 7 
Hf(9) u 
J\es + 
L \ J 
Mes 
Scheme 1.2 
Cationic germanium(II) species are scarcely found. Recently, Dias and 
coworkers reported the synthesis of a novel cationic gennanium(II) compound 
[{(Pr')2ATI}Ge][(T75-C5H5)ZrCl2(/x-Cl)3ZrCl2(r/5-C5H5)] (11).^  By treating 
[(Pr')2ATI]GeCl9 (10a) with 2 equivalents of (^-CsHyZrCb in CH2CI2 at room 
temperature gave yellow crystals of 11 which was structurally characterized. 
(r/5-C5H5)ZrCl3 serves as a chloride abstracting agent in the reaction. The synthesis 
and structural characterization of organogermanium(II) derivatives, 
[(Pr')2ATI]Ge0S02CF3 (12)9, [(pi>)2ATI]GeN3 (13尸 have also been reported. 
Compounds 12 was synthesized by metathesis reaction of 10a with AgOSOiCFs to 
5 
yield yellow crystals, while 13 was formed from reaction of [(Pr"^ )2ATI]GeCl (10b) 
and NaNs. Attempts to generate cationic germanium(II) species by treating 
[(Me)2ATI]GeCl (10c) with NaBPlu was unsuccessful, but isolation of a novel phenyl 
group transferred product with Ge-B bond was achieved. Treatment of 10c with 
NaBPh4 in CH2CI2 at room temperature obtained red-orange crystals of 
[(Me)2ATI]GePh • BPha (14)9, which may involve a phenyl group transfer from a 
[BPhu]-. The reactivities of 10 are summarized in Scheme 1.3. 
a
N\ ,、\0S02CF3 
AgOSOjCFj / Pd 
z ,、、\N3 
Z 《 、 产 13 
R ^ ^ ^ P— a\ \\\CI P— -
R = Pr'(10a) jj 
Pr" (10b) NaBPh4 
Me (10c) 
Me 
\ / h 




Compounds containing a G e — A g interaction are rare. Dias and coworkers 
reported the synthesis of [HB(3,5-(CF3)2Pz)3]Ag—GeCl[(Me)2ATI] ( I S f , 
6 
[HB(3,5-(CF3)2Pz)3]Ag—Ge(0S02CF3)[(Me)2ATI] and 
[HB(3,5-(CF3)2Pz)3]Ag+Ge(N3)[(Pr")2ATI] (17).^ ^ Treatment of 10c with [HB(3，5-
(CF3)2Pz)3]Ag(i7^-toluene) in CH2CI2 at room temperature gave a 1:1 adduct of 15. 
Reaction of 15 with Ag0S02CF3 under the same reaction condition gave yellow 
crystals of 16, with both 15 and 16 featuring a silver-germanium bond. Similarly, 17 
was obtained from reaction of 13 with [HB(3,5-(CF3)2Pz)3]Ag(r7^-toluene) in CH2CI2 
at room temperature as yellow crystals (Scheme 1.4). 
途 F 3 F 3 C B 3 
a ' F 3 C A g C F 3 C F 3 / \ I \ 
N\ ,、\\CI I , F3C Ag CF3 CF3 
G e T o l u e n e M e 
< \ 
R 15 
R = Pi" ( 1 0 b ) 
Me (10c) Me 
Ag0S02CF3 
N N 力 B > C F 3 CF3 
i a 3 - 〉 
P . P a f \ A p A p 3 O 0 0 




R = Me, R'= OSO2CF3 (16) 
R = Pi^ , R, 二 N3 (17) Scheme 1.4 
7 
Barrau and coworkers reported the reactivities of heteroletpic germanium(II) 
chloride [{HC(CMeNPh)2}GeCl]^ (18) (Scheme l.Sf-�？ Treatment of 18 with 3,5-
6i-tert-h\xXy\-1,2-benzoquinone gave cyclic derivative [ {HC(CMeNPh)2} Ge-
{0(2，4-di-Bu:C6H2)0}(Cl)] (19). Compound 19 is thermally stable and shows no 
decomposition even at 150°C. Compounds containing a double bond between 
heavier group 14 and 16 elements bearing a chloride substituent are scarcely found. 
Another example of structurally characterized [{HC(CMeNPh)2}Ge(E)Cl] (E = S (20), 
Se (21)) has been reported. Stoichiometric amounts of sulfur or selenium were 
added to 18 in toluene under reflux condition to give 20 and 21，respectively. They 
are thermally stable and isolated as yellow crystals. Furthermore, they have 
successfully isolated the novel chlorogermylene-tungsten 
[{HC(CMeNPh)2}ClGeW(CO)5] (22) and chlorogermylene-iron complexes 
[{HC(CMeNPh)2}ClGeFe(CO)4] (23). Compound 22 was produced by the 
reaction of 18 with photochemically generated W(C0)5 • T H F in THF, while 23 was 
synthesized by treating 18 with Fe2(CO)9 in toluene. Both 22 and 23 were isolated 
as air sensitive yellow crystals. Moreover, ligand transfer reactions were observed 
when 18 reacted with GaCls with Inis to give [{HC(CMeNPh)2}GaCl2] (24) and 
[{HC(CMeNPh)2}Inl2] (25) respectively. 
8 
H (<、 H (<、 G e Z 
\ / \ \ / \ 
CI CI 
厂 \ Bu^  厂 \ 
Ph Ph 




18 W ( C 0 ) 5 . T H F 
\ V , 
\ Ph \ z W ( c o ) 5 
V . / Fe2(CO)9 H ^ ^ Ge 
/ \ Z X 戶 N 
J ^ n / X Ph 
Z \ h \ , 22 
M = G a , X = Cl (24) / f \ , Fe(C0)4 





1.1.2 Synthesis of Pyridyl-l-azaallyl Germaiimm(II) Chloride Complex 
Recently, our group has reported the synthesis of heteroleptic pyridyl-l-azaallyl 
gennanium(II) chloride complex [Ge{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}Cl] 
from the reaction of lithium pyridyl-l-azaallyl complex 
[Li{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}]2 (26)29 with two equivalents of 
GeCl2.dioxane (Scheme 1.6). 
SiMes 
r ^ ^ ^ ^ ^ P h Me Si •• 
. / N ^N—SiMes /N / \ 
^ ^ ^ \ L j Z 2 GeCl2.dioxane P h ^ ^ / / \ 




Compound 27 is a yellow crystalline solid, soluble in THF and sparingly soluble 
in EtzO and toluene. It has been characterized by NMR spectroscopy. Both the ^ H 
and 13c NMR spectra showed a similar pattern and displayed one set of signals due to 
pyridyl-l-azaallyl ligand, but with a downfield shift compared to that of 26. The 
molecular structure of 27 has been determined by single-crystal X-ray crystallography 
(Figure 1.2). Compound 27 is a heteroleptic germylene. The sum of angles at the 
germanium center is 280.12°, which shows a distorted tetrahedral geometry. The 
10 
metal-amide bond distance of 1.920(2)人 in 27 is comparable to that of 1.942(2) A in 
Ge{C(C5H4N-2)C(Ph)N(SiMe3)2}{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}].i2 The 
Ge-Cl bond distance of 2.283(9) A in 27 is comparable to that of 2.203(1) A in 
[Ge{C6H3-2,6-Mes2}Cl] (Mes = 2,4,6-trimethylphenyl)^^ (28) and 2.295(1) A in 5. 
y C19 ^"" l^CIS 
CI 
Fig. 1.2. ORTEP drawing of 27; hydrogen atoms are omitted for clarity. Selected bond distance [A] 
and angles [。]: Ge(l)-N(l) 2.021(2), Ge(l)-N(2) 1.920(2), N(l)-C(5) 1.354(3), C(5)-C(19) 1.462(3), 
C(19)-C(15) 1.375(3), C(15)-N(2) 1.384(3), Ge(l)-Cl(l) 2.283(9); N(l)-Ge(l)-N(2) 88.8(8), 
N(l)-Ge(l)-Cl(l) 93.6(6), N(2)-Ge(l)-Cl(l) 97.7(6), Ge(l)-N(l)-C(5) 122.4(2), N(l)-C(5)-C(19) 
121.6(2), C(5)-C(19)-C(15) 119.8(2)，C(15)-N(2)-Ge(l) 118.3(1), C(19)-C(15)-N(2) 125.2(2). 
11 
1.1.3 Objectives of This Work 
This work is to investigate the reactivities of pyridyl-1 -azaallyl germanium(II) 
chloride (27). It is proposed that 27 can behave as (i) a Lewis base, (ii) a Lewis acid, 
(iii) undergoing oxidative addition reaction, (iv) undergoing nucleophilic substitution 
reaction, and (v) ligand transfer reaction. The different reactive centers in 27 are 
shown in Figure 1.3. It has shown that 27 can undergo nucleophilic substitution 
12 
reaction and ligand transfer reaction (Scheme 1.7). 
p h ) / \ ph乂 / V -
K S n ( « - B u ) 3 r - B u L i / 
31 Z 29 
MeaSi 》 
1 / 2 L i A l H ^ ^ ^ ^ \ 
^ ^ \ H C C P h , « - B u L i 
^ T o “ ^ 
I A|.‘'、、…、、、…^^^ Ge(CCPh)3 
^^N~^~SiMe3 z^Ge(CCPh)3 
/ - / SiMe Li(EtjO)3 
MejSi Ph SiMej 
32 30 
Scheme 1.7 
In this chapter, Lewis base properties of 27 will be demonstrated. The 
reactivities of 27 towards oxidative addition reaction and nucleophilic substitution 
12 
reaction will be shown. 
cr^ ( " ) 
P h 众 0 \ r 时 
MeaSi 》 
Fig. 1.3 Different reactive centers in pyridyl-l-azaallyl germanium(II) chloride 27 
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1.2 Results and Discussion 
The reactivities of pyridyl-l-enamido germanium(II) chloride 27 towards Lewis 
base, oxidative addition and nucleophilic substitution reactions, are summarized in 
Scheme 1.8. Details of the reactivities are discussed in the following sections. 
F 'n.G: Cl、n'p I 
MesSi、 Ge、 /I「f：^ k J j 
P X C 。 O r ' 义 S I -
Y、9eci ^ ^ ^ P h 
\
Me3Si ^ ^ N、siMe; \=/^SiMe3 
Ph 
Z / 
Au 《 ^N——•Ge *GV . . Me,S\ ^  
excess Li N ^ i \ Aul N ^ i \ 
P h i / \ l ^ P h j / \ . 
MesSi^^^^^ 
MesSi f-Bu 
L i C C P y / 27 q J ^沾 u 36 
Z X O f-Bu 
/ NaBH, \ 入 
MeaSi Ge、 ” | ^ 
Ph V / \ 
气。h Me3Si\ r M , 、一 k 
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1.2.1.1 Synthesis of Chalcogenonyl Halide Complexes 
Germanium chalcogenonyl halide complexes [RM(E)X] are rare. Until now, only 
[{HC(CMeNAr)2}Ge(E)X] (Ar = 2，6-Pr'2C6H3 or Ph; E = S, Se; X = F, Cl)^ '^^ ^ have 
been prepared and structurally characterized. The reaction of 
[Ge{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}CI] (27) with elemental chalcogens in 
toluene afforded monomeric [Ge(E) {N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)} CI] (E = S 
(33), Se (34)), respectively, as confirmed by X-ray structure analysis (Scheme 1.9). 
E 
MesSi G： Me3Si Ge 
^ / N 、 toluene, 0°C 
Me3Si, 》 MeaSi ^ ^ ^ 
27 E = S(33), Se (34) 
Scheme 1.9 
1.2.1.2 Spectroscopic Properties of 33 and 34 
Compounds 33 and 34 are isolated as thermally stable yellow crystalline solids, 
soluble in THF, Et�。，toluene but sparingly soluble in hydrocarbon solvents. They 
have been characterized by N M R spectroscopy and elemental analysis. The ^H and 
13c N M R spectra of 33 and 34 showed a similar pattern and displayed one set of 
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signals due to the pyridyl-l-azaallyl ligand. ”Se N M R spectrum of 34 displayed a 
singlet at d -266.2 ppm, lying between d -612 ppm in (H3Ge)2Se^^ and d 800-1100 
ppm in R2Ge=Se，5G suggesting the bond order of Ge-Se in 34 lies between the 
resonance structures A and B in solution state (Scheme 1.10). 
0 




1.2.1.3 Molecular Structures of [Ge(E){N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}Cl】 
(E = S (33), Se (34)) 
The molecular structures with the atom-numbering schemes for 33 and 34 are 
shown in Figure 1.4 and 1.5. Selected bond distances (A) and angles (deg) are listed 
in Table 1.1 and 1.2. Compounds 33 and 34 are isostructural. The germanium 
centers are bonded to the pyridyl-l-azaallyl ligand in a 7V;"，-chelate fashion and adopt 
distorted tetrahedral geometries, with a sum of angles of 296.6° in 33 and 297.3° in 34. 
The pyridyl-1 -enamido character of the pyridyl-l-azaallyl ligand was shown by the 
3 32 
M-Namide, Namide'C and C = C distanccs as compared with rj -1-azaallyl ligand. The 
negative charge is highly localized at the amido nitrogen leaving the aromaticity of 
the pyridyl ring unaffected. 
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The Ge-Cl bond distances of 2.178(2) A in 33 and 2.179(2) A in 34 are 
shorter than that of 2.283(9)人 in 27. Similarly, the Ge-Namide bond distances of 
1.840(4) A in 33 and 1.823(5) A in 34 are shorter than that of 1.920(2) A in 27. This 
is because of the higher oxidation state of germanium centers in 33 and 34. 
The Ge-S bond distance of 2.056(2) A in 33 is similar to that of 2.053(6)A in 
[{HC(CMeNAr)2}Ge(S)Cl] (Ar = 2，6-Pr'2C6H3)33 and 2.063(3)A in 
[(Tbt)(Tip)Ge=S].34 The Ge-S bond distance in 33 is comparable with the calculated 
Ge=S bond distance of This suggests the resonance structure A contributes 
more than that of B (Scheme 1.9). Similarly, the Ge-Se bond distance of 2.191(1) A 
in 34 is comparable with that of 2.210(1) A in [{HC(CMeNPh)2}Ge(Se)Cl]^^ and 
2.247(7) A in [ {C(SiMe3)2C5H4N-2}2Ge=Se]？It is also close to the calculated Ge-Se 
double bond distance of 2.19 A, indicating a double bond nature between germanium 
and selenium. This also suggests resonance structure A contributes more than that of 
B (Scheme 1.9). 
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Table 1.6 Selected Bond Distances (A ) and Angles (deg) for Compound 38 
Ge(l)-S(l) 2.056(2) Ge(l)-N(l) 1.952(5) 
Ge(l)-N(2) 1.840(4) Ge(l)-Cl(l) 2.178(2) 
N(2)-C(10) 1.392(6) C(10)-C(6) 1.388(7) 
C(6)-C(5) 1.475(8) C(5)-N(l) 1.345(7) 
N(l)-Ge(l)-N(2) 94.0(2) N(2)-Ge(l)-Cl(l) 103.5(2) 
Cl(l)-Ge(l)-N(l) 99.2(2) S(l)-Ge(l)-N(l) 114.9(2) 
S(l)-Ge(l)-N(2) 124.51(1) S ⑴-Ge(l)-Cl(l) 116.1(8) 
Ge(l)-N(l)-C(5) 119.0(4) N ⑴-C(5)-C(6) 120.4(5) 
C(5)-C(6)-C(10) 120.0(5) C(6)-C(10)-N(2) 124.5(5) 
C(10)-N(2)-Ge(l) 113.3(3) 
A V 
Fig. 1.9 Molecular Structure of [Ge(BH3){N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}H] 
(38) 
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Table 1.6 Selected Bond Distances (A ) and Angles (deg) for Compound 38 
Ge(l)-Se(l) 2.191(1) Ge(l)-N(l) 1.947(5) 
Ge(l)-N(2) 1.823(5) Ge(l)-Cl(l) 2.179(2) 
N(2)-C(10) 1.410(7) C(10)-C(6) 1.362(7) 
C(6)-C(5) 1.465(7) C(5)-N(l) 1.357(8) 
N(l)-Ge(l)-N(2) 94.5(2) N(2)-Ge(l)-Cl(l) 103.1(2) 
Cl(l)-Ge(l)-N(l) 99.7(2) Se(l)-Ge(l)-N(l) 112.9(1) 
Se(l)-Ge(l)-N(2) 125.8(1) Se(l)-Ge(l)-Cl(l) 116.1(8) 
Ge(l)-N(l)-C(5) 117.9(3) N(l)-C(5)-C(6) 121.0(5) 
C(5)-C(6)-C( 10) 120.1(5) C(6)-C( 10)-N(2) 124.2(5) 
C(10)-N ⑵-Ge(l) 112.9(3) 
Fig. 1.9 Molecular Structure of [Ge(BH3){N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}H] 
(38) 
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1.2.2.1 Synthesis of Group 11 Transition Metal-Pyridyl-l-Enamido 
Germaiiium(II) Chloride Complexes 
Treatment of [Ge{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}Cl] (27) with 
copper(I) iodide in THF afforded yellow crystalline solids of 
[Ge(CuI){N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}Cl(THF)2]4 (35) (Scheme 1.11). 
X-ray structure of 35 showed that it is tetrameric in the solid state. A novel 
germanium(II)-copper(I) complex was synthesized. 
MejSi /=\ 
) - < _ > f 
P h ~ ^ N—^ MejSi^ / ^ ^ S i M e 〕 
Me3Si\ G： / - G e . Cl^^ 





Similar reaction of [Ge{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}a] (27) with gold(I) 
iodide in THF afforded a novel germanium(II)-gold(I) complex, 
[Ge(AuI){N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}Cl] (36) (Scheme 1.12). It is a 
monomer in the solid state. 
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J 
M e s S ^ z f 、 Me3Si\ ci 
/ \ - 】 P h ^ N J \ | 
THF,0。C J L ^ " " ^ 
MesSi ^ ^ ^ i MesSi, J> 
27 36 
Scheme 1.12 
1.2.2.2 Spectroscopic Properties of 35 and 36 
Compounds 35 and 36 are air-sensitive yellow crystalline solids. Compound 36 
is light sensitive in the solution state as it decomposes from a yellow to a brown 
solution gradually. Compound 35 is soluble in T H F and EtsO but sparingly soluble 
in hydrocarbon solvents, while 36 is soluble in T H F only. They have been 
characterized by N M R spectroscopy and elemental analysis. The ^H and ^^C N M R 
spectra of 35 and 36 showed a similar pattern and displayed one set of signals due to 
the pyridyl-l-azaallyl ligand. The downfield shift of the pyridyl-l-azaallyl ligand 
signal in 35 and 36 compared to 27 may be due to an increased positive charge at the 
germanium center from coordination of germanium to group 11 metal centers.^ ^ ^H 
and 13c N M R spectra of 35 showed signals due to solvated THF. 
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1.2.2.3 Molecular Structures of [Ge(CuI){N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}-
C1(THF)2]4 (35) and [Ge(AuI){N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}Cl] (36) 
The molecular structure with the atom-numbering schemes for 35 is shown in 
Figure 1.6. Selected bond distances (A) and angles (deg) are listed in Table 1.3. 
Compound 35 is a tetramer with eight solvated T H F molecules in the solid state. 
The germanium(II) center in 35 acts as a base which donates a lone pair electrons to 
the copper(I) center, forming a donor-acceptor adduct. The germanium center is 
bonded to the pyridyl-l-azaallyl ligand in a TV,A^-chelate fashion and adopts a 
distorted tetrahedral geometry. The crystal data within the ligand is shown with a 
typical pyridyl-1 -enamido character. This is different from the r/^ -type 1-azaallyl 
ligand. The negative charge is highly localized at the amido nitrogen leaving the 
aromaticity of the pyridyl ring unaffected. The Ge-Namide bond distance of 1.888(8) 
A and Ge-Cl bond distance of 2.252(3) A in 35 are shorter than Ge-Namide bond 
distance of 1.920(2) A and Ge-Cl bond distance of 2.283(9) A in 27. The 
differences may be due to the diminished electronic densities on germanium in 35 
compared to 21?^ Theoretical study of N-heterocyclic germylene complex with 
CuCl has been reported,^^ showing that the calculated Ge-Cu bond distance of 2.250 
A , which is shorter than that of 2.359(2) A in 35. It is suggested that steric crowding 
of the nearby bulky pryridyl-1 -azaallyl ligands lengthens the Ge-Cu bond. 
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Coordination of the bases to copper(I) iodide forming a cubic CU4I4 moiety is not 
unusual.3941 Four copper and four iodine atoms arranged alternatively define a 
distorted cubane framework where each copper atom is tetrahedrally coordinated with 
three /Xs-iodides and a germanium atom. The CU4I4 moiety shows significant 
distortions from regular cubane geometry, which is probably owing to the repulsions 
between the iodides and the release of steric bulkiness of the pyridyl-l-azaallyl 
ligands. The bond angles of Cu-I-Cu in 35 are comparable to that in some distorted 
CU4I4 cubane complexes.^^ 
Fig. 1.6 Molecular Structure of [Ge(CuI){N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}Cl-
(THF)2]4 (35) 
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Table 1.3 Selected Bond Distances ( A ) and Angles (deg) for Compound 35 
Ge(l)-N(l) 1.984(8) Ge(l)-N(2) 1.888(8) 
Ge(l)-Cl(l) 2.252(3) Ge(l)-Cu(l) 2.359(2) 
Cu(l)-I(l) 2.682(2) Cu(l)-I(1A) 2.629(2) 
Cu(l)-I(1B) 2.756(2) N(l)-C(5) 1.366(1) 
C(5)-C(6) 1.428(1) C(6)-C(10) 1.370(1) 
C(10)-N(2) 1.443(1) I(l)-Cu(lC) 2.756(2) 
N(2)-Ge(l)-N(l) 90.6(3) N(2)-Ge(l)-Cl(l) 99.5(3) 
N(l)-Ge(l)-Cl(l) 96.2(2) Cu(l)-Ge(l)-N(l) 113.2(2) 
Cu(l)-Ge(l)-N(2) 135.6(3) Cu(l)-Ge(l)-Cl(l) 113.6(9) 
Ge(l)-N(l)-C(5) 120.5(7) N(l)-C(5)-C(6) 123.0(9) 
C(5)-C(6)-C(10) 121.1(9) C(6)-C(10)-N(2) 123.5(9) 
C( 10)-N(2)-Ge( 1) 115.5(6) Ge(l )-Cu( 1 )-I( 1) 114.0(6) 
Ge(l)-Cu(l)-I(1A) 118.0(6) Ge(l)-Cu(l)-I(1B) 99.4 (5) 
Cu(lA)-I(l)-Cu(l) 68.0(5) Cu(l)-I(l)-Cu(lC) 67.5(4) 
Cu(lA)-I(l)-Cu(lC) 68.2(5) 
Symmetry transformations used to generate equivalent atoms: 
A -x+2, -y+2, z; B y, -x+2，-z+1; C -y+2, x，-z+1 
The molecular structure with the atom-numbering schemes for 36 is shown in 
Figure 1.7. Selected bond distances (A) and angles (deg) are listed in Table 1.4. 
Compound 36 is a monomer in the solid state. The germanium center is bonded to 
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the pyridyl-l-azaallyl ligand in a TV； TV'-chelate fashion and adopts a distorted 
tetrahedral geometries. The crystal data shows the pyridyl-1 -enamido character of 
the ligand in 36. The negative charge is highly localized at the amido nitrogen 
leaving the aromaticity of the pyridyl ring unaffected. The Ge-Namide bond distance 
of 1.844(2) A in 36 is shorter than that of 1.920(2) A in 27，indicating the reduced 
electron densities on germanium. The Ge-Cl bond distance of 2.422(4) A in 36 
longer than that of 27 shows the chloride group is weakly bonded to the germanium 
center. To our knowledge, there is no Ge(II)-Au(I) complex reported in the literature. 
However, insertion product of germanium dichloride into a gold-chloride bond with 
bond distance of 2.563(1) A in Ge-Au bond was found.42，43 Calculated 
Ge(II)-Au(I)38 bond distance of 2.349 A is comparable to that of 2.346(2) A in 36. 
Fig. 1.6 Molecular Structure of [Ge(CuI){N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}Cl-
(THF)2]4 (35) 
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Table 2.2 Selected Bond Distances ( A ) and Angles (deg) for Compounds 55-56 
Ge(l)-Au(l) 2.346(2) Au(l)-I(l) 2.561(1) 
Ge(l)-N(l) 1.942(1) Ge(l)-N(2) 1.844(2) 
Ge(l)-Cl(l) 2.422(4) C(10)-N(2) 1.440(2) 
C(6)-C(10) 1.400(2) C(5)-C(6) 1.410(3) 
N(l)-C(5) 1.350(2) 
N(2)-Ge(l)-N(l) 93.6(6) N(2)-Ge(l)-Cl(l) 102.2(5) 
N(l)-Ge(l)-Cl(l) 96.7(5) A u ⑴-Ge(l)-Cl(l) 113.9(1) 
N(l)-Ge(l)-Au(l) 113.0(5) N(2)-Ge(l)-Au(l) 130.9(4) 
Ge(l)-Au(l)-I(l) 172.8(6) C(10)-N(2)-Ge(l) 113.9(1) 
C(6)-C(10)-N(2) 122.2(2) C(5)-C(6)-C(10) 122.3(2) 
N(l)-C(5)-C(6) 121.7(2) 
26 
1.2.3.1 Reaction of Pyridyl-l-azaallyl Germanium(II) Chloride with 
3，5-di-纽 rr-butyl-o-benzoquinone: Synthesis of [Ge{0(2，4-di-Bu,-C6H2)0}-
{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}Cl] (37) 
Treatment of [Ge{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}Cl] (27) with 
3,5-di-/er/-butyl-o-benzoquinone in T H F gave an oxidative cyclo-addition complex 
[Ge{0(2,4-di-Bu^-C6H2)0} {N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}Cl] (37) (Scheme 
1.13). It is proposed that the quinone underwent [2+4] cyclo-addition with 27 to 
yield 37, which has been characterized by X-ray structure analysis. 
™F，G。C 丨 




1.2.3.2 Spectroscopic Properties of 37 
Compounds 37 is a colorless crystalline solid, soluble in EtiO and THF but 
sparingly soluble in hydrocarbon solvent. It has been characterized by NMR 
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spectroscopy and elemental analysis. ^H and ^^C N M R spectra of 37 displayed one 
set of signals due to pyridyl-l-azaallyl ligand and Bu^ group. ^H N M R spectrum of 
37 also showed two signals at d 6.76 and 6.91 p p m due to two aromatic protons of the 
benzoquinone. 
1.2.3.3 Molecular Structure of [Ge{0(2，4-di-Bu'-C6H2)0}{N(SiMe3)C(Ph)-
C(SiMe3)(C5H4N-2)}Cl] (37) 
The molecular structure with the atom-numbering schemes for 37 is shown 
in Figure 1.8. Selected bond distances (A) and angles (deg) are listed in Table 1.5. 
Compound 37 is a monomer in the solid state and it is the first structurally 
characterized oxidative cyclo-addition product of heteroleptic chlorogermylene and 
quinone. The pyridyl-l-azaallyl ligand is bonded to the germanium center in a 
TV,A^ '-chelate fashion and displays a five-coordinate, trigonal bipyramidal geometry. 
The crystal data within the ligand skeleton supports the pyridyl-1 -enamido character 
of the ligand, as compared with r/M-azaallyl ligand. The negative charge is 
localized at the amido nitrogen leaving the aromaticity of the pyridyl ring unaffected. 
The bond distances of Ge-Namide of 1.841(2)人 and Ge-Cl of 2.168(9) A in 37 are 
shorter than that 1.920(2) A and 2.283(9) A in 27，owing to a higher oxidation state of 
germanium in 37. The bond distances of Ge-0 are 1.859(2) A and 1.805(2) A, 
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which are within the normal range of germanium-oxygen single bond.46 The 
average C-C bond distance in the six-membered ring is 1.388 A, which is consistent 
with aromatic C-C bond distance,? 
C14 
Fig. 1.8 Molecular Structure of [Ge{0(2,4-di-r-Bu-C6H2)0} {N(SiMe3)C(Ph)-
C(SiMe3)(C5H4N-2)}Cl] (37) 
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Table 1.5 Selected Bond Distances ( A ) and Angles (deg) for Compound 37 
Ge(l)-0(1) 1.859(2) Ge(l)-0(2) 1.805(2) 
Ge(l)-N(l) 2.074(2) Ge(l)-N(2) 1.841(2) 
Ge(l)-Cl(l) 2.168(9) C(10)-N(2) 1.404(3) 
C(6)-C(10) 1.364(4) C(5)-C(6) 1.473(4) 
N(l)-C(5) 1.359(4) C(25)-0(2) 1.388(3) 
C(20)-0(l) 1.364(3) C(25)-C(20) 1.399(4) 
C(20)-C(21) 1.368(4) C(21)-C(22) 1.396(4) 
C(22)-C(23) 1.383(4) C(23)-C(24) 1.401(4) 
C(24)-C(25) 1.383(4) 
N(2)-Ge(l)-N(l) 88.1(9) N(2)-Ge(l)-Cl(l) 113.9(7) 
N(l)-Ge(l)-Cl(l) 90.9(7) 0(1)-Ge(l)-Cl(l) 95.2(7) 
0(2)-Ge(l)-Cl(l) 116.7(7) N(2)-Ge(l)-0(1) 92.9(9) 
0(l)-Ge(l)-0(2) 87.7(8) 0(2)-Ge(l)-N(l) 86.1(8) 
0(2)-Ge(l)-N(2) 129.1(1) N(l)-Ge(l)-0(1) 172.8(9) 
0(2)-C(25)-C(20) 114.0(2) 0(1)-C(20)-C(25) 114.9(2) 
C(25)-C(20)-C(21) 121.5(3) C(20)-C(21 )-C(22) 119.5(3) 
C(21 )-C(22)-C(23) 117.8(3) C(22)-C(23)-C(24) 124.3(3) 
C(23)-C(24)-C(25) 115.9(2) C(24)-C(25)-C(20) 121.0(2) 
Ge(l)-N(2)-C(10) 114.7(2) N(2)-C(10)-C(6) 124.2(2) 
C(10)-C(6)-C(5) 118.6(2) C(6)-C(5)-N(l) 121.4(2) 
C(5)-N(l)-Ge(l) 117.8(2) 
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1.2.4.1 Synthesis of Boroii-Germaiiium(II) Hydride Adduct 
Reaction of [Ge{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}Cl] (27) with excess 
sodium borohydride at room temperature with stirring for three days afforded the 
boron-germanium(II) hydride adduct [Ge(BH3) {N(SiMe3)C(Ph)C(SiMe3)-
(C5H4N-2)}H] (38) (Scheme 1.14), as confirmed by X-ray structure analysis. 
BH3 
MesSi G； MesSi | 
> / \ > / \ P h � 、 < / excess NaBH4 P h ^ X / 
j ^ N 、 ^ ^ ^ ^ j ^ N ^ 
MesSi ^ 》 MeaSi 
27 38 
Scheme 1.14 
1.2.4.2 Spectroscopic Properties of 38 
Compound 38 is a colorless crystalline solid, soluble in Et20 and T H F but sparingly 
soluble in hydrocarbon solvent. It has been characterized by N M R spectroscopy and 
elemental analysis. ^H and '^C N M R spectra of 38 displayed one set of signals due 
to pyridyl-l-azaallyl ligand. ^H N M R spectrum of 38 showed a signal at h 6.07 ppm 
due to proton in Ge-H, which is comparable to that of d 6.70 ppm in 
[{HC(C(CH2)NAr)CMeNAr}Ge(H)BH3]Li(Et20)3 (Ar = 2，6-Pr'2C6H3).44 A broad 
signal of assignable BH3 was observed at d 0.3-1.5 ppm. ^B NMR spectrum of 38 
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showed a singlet signal at d -38.88 ppm, which are comparable to that of -41.94 p p m 
in [{HC(C(CH2)NAr)CMeNAr}Ge(H)BH3] (Ar = 2,6-Pr'2C6H3)44 and 6 -35 p p m in 
Ge[C6H3(NMe2)2-2，6]2BH3.45 
1.2.4.3 Molecular Structure of [Ge(BH3){N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}H】 
(38) 
The molecular structure with the atom-numbering schemes for compound 38 is 
shown in Figure 1.9. Selected bond distances (A) and angles (deg) are listed in 
Table 1.6. The germanium center is bonded to the pyridyl-l-azaallyl ligand in a 
7V,7V"-chelate fashion and adopts a tetrahedral geometry. Similar to previous results, 
the crystal data reveals the pyridyl-l-enamido character of the ligand. The negative 
charge is localized at the amido nitrogen leaving the aromaticity of the pyridyl ring 
unaffected. The Ge-B bond distance of 2.064(6) A in 38 is comparable to that of 
2.041(1) A in Ge[C6H3(NMe2)2-2,6]2BH3.45 The shorter Ge-N bond distances of 
1.912(3)人，1.994(3) A in 38 compared to that of 27 indicates that the 
pyridyl-l-azaallyl ligand bonds to the germanium center more strongly. This may be 
due to coordination of borane to germanium center. 
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Table 1.6 Selected Bond Distances (A ) and Angles (deg) for Compound 38 
Ge(l)-B(l) 2.064(6) Ge(l)-N(l) 1.994(3) 
Ge(l)-N(2) 1.912(3) N(l)-C(5) 1.369(5) 
C(5)-C(6) 1.488(5) C(6)-C(10) 1.400(5) 
C(10)-N(2) 1.402(5) 
N(l)-Ge(l)-N(2) 90.8(1) N(2)-Ge(l)-B(l) 127.1(2) 
B(l)-Ge(l)-N(l) 110.3(2) Ge(l)-N(l)-C(5) 117.8(2) 
N(l)-C(5)-C(6) 121.4(3) C(5)-C(6)-C(10) 118.8(3) 
C(6)-C(10)-N(2) 124.5(3) C(10)-N(2)-Ge(l) 112.1(2) 
f\ 
A A ， 
cu 
Fig. 1.9 Molecular Structure of [Ge(BH3){N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}H] 
(38) 
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1.2.5.1 Substitution Reaction of Pyridyl-l-azaallyl Germanium(II) Chloride 
with Lithium Phenylacetylide 
Recently, our group has reported that 27 reacted with freshly prepared 
LiCCPh in EtjO to give unexpected complex [{(PhCC)3Ge}3GeLi(Et20)3] (30)]2 It 
is proposed that the intermediate [Ge{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}(CCPh)] 
was formed during the reaction. However, treatment of 27 with commercially 
available LiCCPh solution in IM THF at -90^C afforded 
[Ge{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}(CCPh)] (39) (Scheme 1.15), which has 
been confirmed by X-ray structure analysis. 
Me3Si\ ^ ^ G I Me3Si\ ^ ^ q ； 
P h ^ ^ f LiCCPh, I M m THF ^ / \ 
THF, -90°C J L ^ / ^ ^ 、CPh 
MesSi, 》 MegSi ^ ^ 》 
27 39 
Scheme 1.15 
1.2.5.2 Spectroscopic Properties of 39 
Compound 39 is a yellow crystalline solid, soluble in Et20, THF but sparingly 
soluble in hydrocarbon solvents. It has been characterized by NMR spectroscopy 
and elemental analysis. ^H and ^^ C NMR spectra showed one set of signals due to 
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pyridyl-l-azaallyl ligand. In the ^^C N M R spectrum, the signals for the acetylenic 
carbon atoms were observed at d 112.1 and llS.Sppm which was comparable to that 
of 6 109.6 and 111.2ppm in (Mamx)GeCCPh.^^ 
1.2.5.3 Molecular Structure of [Ge{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}(CCPh)] 
(39) 
The molecular structure with the atom-numbering schemes for compound 39 is 
shown in Figure 1.10. Selected bond distances (A) and angles (deg) are listed in 
Table 1.7. Compound 39 is a monomelic base-stabilized germanium(II) compound 
with ethynyl substituents. The pyridyl-l-azaallyl ligand is bonded to the germanium 
center in a '-chelate fashion. The angle sum at the germanium center is 279.2°, 
which deviates significantly from a sp^ tetrahedron, so germanium adopts a 
three-coordinate trigonal pyramidal geometry. The M-Namide, Namide-C and C = C 
bond distances are typical for 17^ -l-azaallyl ligand, so pyridyl-1 - enamido character is 
attained in the ligand backbone. The negative charge is localized at the amido 
nitrogen leaving the aromaticity of the pyridyl ring unaffected. The bond distances 
of Ge-N bond ((2.052(3)人）and (1.966(3) A ) in 39 are slightly longer than that in 27 
((2.021(2) A) and (1.920(2) A). The bond distance o f 2.004(4) A of Ge-Cethynyi bond 
is comparable to that of 2.001(4) A in MamxGe(CCPh) (Mamx = methylamino-
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methyl-m-xylyl)48 The bond distance of C(20)-C(21) is 1.213 A , which is 
comparable to the C ^ bond of 1.209(6)人 in MamxGe(CCPh). It is interesting to 
note that the angles N(2)-Ge(l)-C(20) (97.70°), N(2)-Ge(l)-N(l) (87.73。）and 
C(20)-Ge(l)-N(l) (93.79°) are close to 90。. This shows that the germanium atom is 
almost non-hybridized. The lone pair occupies an orbital with high s character, and 
the (7-bonds to the ligands are formed by using p orbitals at the germanium center. 
Table 1.7 Selected Bond Distances (A) and Angles (deg) for Compound 39 
Ge(l)-C(20) 2.004(4) Ge(l)-N(l) 2.052(3) 
Ge(l)-N(2) 1.966(3) C(20)-C(21) 1.213(5) 
N(l)-C(5) 1.393(5) C(5)-C(6) 1.494(5) 
C(6)-C(10) 1.394(5) C(10)-N(2) 1.408(5) 
C(21)-C(22) 1.455(6) 
N(l)-Ge(l)-N(2) 87.7(1) N(2)-Ge(l)-C(20) 97.7(1) 
C(20)-Ge(l)-N(l) 93.8(1) Ge(l)-N(l)-C(5) 121.5(2) 
N(l)-C(5)-C(6) 120.6(3) C(5)-C(6)-C(10) 120.1(3) 
C(6)-C(10)-N(2) 124.7(3) C(10)-N(2)-Ge(l) 117.2(2) 
Ge( 1 )-C(20)-C(21) 165.0(4) C(20)-C(21 )-C(22) 179.1(5) 
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Fig. 1.10 [Ge{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}(CCPh)] (39) 
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1.2.6.1 Reaction of Pyridyl-l-azaallyl Germanium(I I ) Chloride with excess 
lithium; the formation of [GeC(Ph)C(SiMe3)(C5H4N-2)】2 (40) 
Attempted synthesis of group 14 heavier alkyne analogue from the reduction of 
pyridyl-l-azaallyl germaniuni(II) chloride 27 by lithium is unsuccessful. The 
treatment of 27 with excess lithium powder in T H F at -90°C afforded 
[GeC(Ph)C(SiMe3)(C5H4N-2)]2 (40) (Scheme 1.16), which has been confirmed by 
X-ray structure analysis. The mechanism involving the elimination of NSiMes 
group from 27 is still unknown. 
MegSi 
叫 i\ z G e 、 ^  
2 I \ 一 
/ THF, -90°C -^Ge 




1.2.6.2 Spectroscopic Properties of 40 
Compound 40 is a purple crystalline solid, soluble in T H F but sparingly soluble 
in Et20. It has been characterized by N M R spectroscopy and elemental analysis. 
^H and ^ ^C N M R spectra showed signals due to phenyl, pyridyl and SiMes groups. 
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1.2.6.3 Molecular Structure of [GeC(Ph)C(SiMe3)(C5H4N-2)】2 (40) 
The molecular structure with the atom-numbering schemes for compound 40 is 
shown in Figure 1.11. Selected bond distances (A) and angles (deg) are listed in 
Table 1.8. The ligands are bonded in a C,A^-chelate fashion to the gennanium(II) 
centers and displays a trigonal pyramidal geometry. The sum of bond angles at the 
metal center is 271.7° which deviates significantly from tetra-coordinated 
germylene.51 This is consistent with a stereoactive lone pair at the germanium 
center. 
To our knowledge, there is no digermylene reported in the literature, only 
theoretical characterization of Ge2(CO)2 in solid argon has been published recently.^ ^ 
The Ge-Namide bond distance of 1.983(6) A in 40 is slightly shorter than that of 
2.021(2) A in 27. The C(6)-C(10) bond distance of 1.408(9) A in 40 is comparable 
to that of 1.375(3) A in 27，indicating it is a double bond. The Ge(l)-C(10) bond 
distance of 1.933(7) A in 40 is slightly shorter than Ge-C single bond of 1.989(5) A in 
[Ge{C6H3-2，6-Mes2}Cl] (Mes = 2,4，6-trimethylphenyl)" and 2.039(2) A in 
[Ge{C(C5H4N-2)C(Ph)N(SiMe3)2}{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}],28 but 
significantly longer than the calculated value of 1.784 A-1.815 人 in H2C=Ge:， 
showing that Ge(l)-C(10) bond in 40 is a single bond.^^ The unsuccessful 
preparation of heavier germyne may be due to the coordination of pyridyl nitrogen to 
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the germanium center leading to different orientation of the lone pair of electrons on 
the two germanium centers. The Ge-Ge bond distance of 2.577(2) A in 40 is longer 
than the calculated value of 2.456 A in Ge2(CO)2.55 It is suggested that the sterically 
demanded ligand in 40 lengthens the Ge-Ge bond. However, it is slightly longer 
than Ge-Ge single bond of 2.544(7) A in [(Bu^GeGe{C6H3-2,6-Mes}] (Mes = 
2,4,6-trimethylphenyl)53 but shorter than that of 2.705(1) A in [(Bu')3GeGe(Bu')3].54 
The C(10)-Ge(l)-N(l) bond angle of 82.6(3)。，C(10)-Ge(l)-Ge(lA) bond angle 
of 93.3(2)。and N(l)-Ge(l)-Ge(lA) bond angle of 95.83。in 40 are comparable to 
C-Ge-Ge bond angle of 80.2° in Ge2(CO)2^^ and are close to 90。，showing that the 
germanium atom is almost non-hybridized."^^ Furthermore, the dihedral angle of 
plane A and plane B is 14.7°, showing that plane A and plane B is not parallel to each 
other. Moreover, the torsion angles of N( 1 )-Ge( 1 )-Ge( 1 A)-N( 1 A ) and 
C( 10)-Ge( 1 )-Ge( 1 A)-C( 1 OA) are 17.9° and 32.1° respectively, indicating that plane A 




MesSi Plane B 
Scheme 1.17 
Table 1.8 Selected Bond Distances (A) and Angles (deg) for Compound 40 
Ge(l)-C(10) 1.933(7) Ge(l)-N(l) 1.983(6) 
Ge(l)-Ge(lA) 2.577(2) C(10)-C(6) 1.408(9) 
C(6)-C(5) 1.469(9) C(5)-N(l) 1.395(8) 
Ge(l')-Ge(l'B) 2.597(2) 
C(10)-Ge(l)-N(l) 82.6(3) C(10)-Ge(l)-Ge(lA) 93.3(2) 
N( 1 )-Ge( 1 )-Ge( 1 A) 95.8(2) Ge( 1 )-C( 10)-C(6) 116.0(5) 
C(10)-C(6)-C(5) 112.3(6) C(6)-C(5)-N(l) 114.4(6) 
C(5)-N(l)-Ge(l) 113.9(4) 
Symmetry transformations used to generate equivalent atoms: 
A -x，y,-z+3/2; B -x+1, y, -z+3/2 
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Fig. 1.11 [GeC(Ph)C(SiMe3)(C5H4N-2)]2 (40) 
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1.3 Experimental for Chapter 1 
Materials: 
Sg, Se, Cul, Aul, NaBH4, 3,5-di-化"-butyl-o-benzoquinone，LiCCPh in I M T H F and 
lithium were purchased from Aldrich Chemical Co. and used without further 
purification. GeCh.dioxane was prepared according to the literature procedure.49 
[Ge(S){N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}Cl] (33) 
A solution of [Ge{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}Cl] (27) (0.48g, 1.07mmol) in 
toluene (30 ml) was added slowly to a stirring suspension of sulfur (0.035g, 1.09mmol) 
in toluene (30 ml) at 0 The resulting yellow mixture was raised to room 
temperature and stirred for 18h. After filtration and concentration of filtrate, a 
yellow crystalline solid of 33 was obtained. Yield: 0.28g (58%). Mp: 250-252 °C. 
Anal. Found: C，47.36; H，5.10; N , 5.85. Calcd for Ci9H27ClGeN2SSi2： C，47.57; H , 
5.67; N , 5.84. ^ H N M R (THF-J^): 8 = -0.14 (s, 9H, SiMes), 0.00 (s, 9H, SiMes), 
7.42-7.49 (m, IH, 5-py), 7.49-7.69 (m，5H, Ph), 7.75-7.78 (m, IH，3-py)，8.25 (m，IH, 
4-py)，9.26 (m，IH, 6-py). N M R (THF-J^): 5 = 1.76，3.11 (SiMes), 116.03 
(CSiMea), 122.77, 128.65, 129.46, 131.48，131.89, 132.14, 142.11, 142.88, 144.79, 
157.63 (Ph & Py)，164.83 (NCPh). 
[Ge(Se){N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}Cl] (34) 
A solution of [Ge{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}Cl] (27) (0.50g, 1.12mmol) in 
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toluene (30 ml) was added slowly to a stirring suspension of selenium (0.089g， 
1.13mmol) in toluene (30 ml) at 0 in the absence of light. The resulting yellow 
mixture was raised to ambient temperature and stirred for 18h. After filtration and 
addition of 5 ml of CH2CI2, followed by concentration of filtrate, a yellow crystalline 
solid of 34 was obtained. Yield: 0.35g (66%). M p : 198-200 Anal. Found: C， 
41.41; H , 5.17; N，5.17. Calcd for C19H27ClGeN2Si2Se. 1 /2CH2CI2： C，41.15; H , 4.96; 
N，4.96. 1h N M R (THF-而)：d = -0.15 (s, 9H, SiMes), -0.01 (s，9H, SiMes), 7.42 (m， 
IH, 5-py), 7.50-7.72 (m, 5H, Ph), 7.75-7.77 (m，IH, 3-py), 8.24 (m, IH, 4-py)，9.34 
(m, IH, 6-py). N M R (THF-^4): 5 = 1.74，3.47 (SiMes), 116.47 (CSiMcs), 
122.70, 127.50, 128.63，129.52, 131.48，131.93, 132.19, 142.73，142.99, 144.83， 
157.28 (Ph & Py)，164.65 (NCPh). ^ ^Se N M R (THF-J5)： d = -266.21. 
[Ge(CuI){N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}Cl(THF)2]4(35) 
A solution of [Ge{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}Cl] (27) (0.45g, l.Olmmol) in 
T H F (30 ml) was added slowly to a stirring suspension of copper(I) iodide (0.20g, 
1.05mmol) in T H F (30 ml) at 0 The resulting yellow mixture was raised to 
ambient temperature and stirred for 18h. The solution was filtered and the volatiles 
were removed under reduced pressure. The residue was extracted with Et20. After 
filtration and concentration of filtrate, a yellow crystalline solid of 35 was obtained. 
Yield: 0.98g (31%). M p : 170-172。C. Anal. Found: C，35.41; H，4.29; N，3.91. 
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Calcd for CiGHiosCLiCmGeANsSis: C，35.76; H，4.26; N , 4.39. ^H N M R (THF-必)：d 
=-0.21 (s, 9H, SiMes), -0.02 (s, 9H, SiMes), 1.69-1.74 (t, 2H, THF), 3.54-3.56 (d，2H, 
THF), 7.34-7.41 (m, 2H, Ph), 7.50 (m，IH, 5-py), 7.54 (m, IH, 3-py), 7.63-7.67 (m， 
3H, Ph), 7.97-7.99 (t, IH, 4-py)，9.50 (d，IH, 6-py). N M R (THF-ds)： d = 1.95, 
4.16 (SiMes), 26.39, 68.23 (THF), 116.09 (CSiMes), 121.50, 126.66，128.12, 128.99, 
130.47, 131.58，133.12，141.26, 145.35, 146.55, 156.02 (Ph & Py), 164.74 (NCPh). 
[Ge(AuI){N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}Cl] (36) 
A solution of [Ge{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}a] (27) (0.45g, l.Olmmol) in 
T H F (30 ml) was added slowly to a stirring suspension of gold(I) iodide (0.35g, 
l.OSmmol) in T H F (30 ml) at 0 in the absence of light. The resulting yellow 
mixture was raised to ambient temperature and stirred for 20h. The solution was 
filtered and the volatiles were removed under reduced pressure. The residue was 
extracted with EtsO. It was filtered and the yellow precipitates were dissolved in 
THF. After filtration, addition of 3 ml CH2CI2 and concentration of filtrate, a yellow 
crystalline solid of 36 was obtained. Yield: 0.25g (32%). M p : 132-134。C. Anal. 
Found: C，28.88; H , 3.53; N , 3.55. Calcd for C19H27AuClGeIN2Si2.1 /2CH2CI2: C, 
28.77; H , 3.47; N , 3.44. ^ H N M R (THF-J5)： S = -0.15 (s，9H, SiMes), 0.02 (s，9H, 
SiMes), 7.47-7.53 (m, 5H, Ph), 7.57-7.60 (t, IH, 5-py), 7.81-84 (d，IH, 3-py), 
8.21-8.23 (t, IH, 4-py), 9.09 (d, IH, 6-py). N M R (THF-ds): 8 = 1.70，3.56 
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(SiMes), 117.12 (CSiMes), 122.70，127.87, 128.70，129.48，131.51，131.78, 132.52, 
143.29, 144.26，144.53，156.86 (Ph&Py), 163.88 (NCPh). 
[Ge{0(2，4-di-Bu'-C6H2)0}{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}Cl】(37) 
A solution of [Ge{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}Cl] (27) (0.45g, l.Olmmol) in 
T H F (30 ml) was added slowly to a stirring suspension of 
3,5-di-^er^-butyl-o-benzoquinone (0.24g，1.09mmol) in T H F (30 ml) at 0。C. The 
resulting yellow mixture was raised to ambient temperature and stirred for 20h. 
After filtration, addition of 5 ml CH2CI2 and concentration of filtrate, a colorless 
crystalline solid of 37 was obtained. Yield: 0.43g (64%). M p : 133-135 Anal. 
Found: C, 58.07; H , 6.66; N , 4.34. Calcd for C33H47ClGeN202Si2.1/4CH2Cl2： C，57.94; 
H，6.95; N，4.07. ^ H N M R (THF-ds): d = -0.23 (s, 9H, SiMes), -0.12 (s，9H, SiMes), 
1.31 (s, 9H, /-Bu), 1.52 (s，9H，rBu)，6.75 (s，IH, CH)，6.91 (s, IH, CH),7.44-7.53 (m, 
5H，Ph), 7.57-7.62 (m, IH, 5-py), 7.81 (d, IH, 3-py), 8.00-8.03 (t, IH, 4-py), 
9.57-9.59 (d, IH, 6-py). N M R (THF-ds): d = 1.87, 2.03 (SiMes), 30.32, 
32.32 (C(CH3)3), 35.12，35.20 (QCH3)3), 113.19 (CSiMes), 108.33, 121.51，128.30， 
128.38, 129.08, 131.37, 131.79, 133.79, 133.99, 139.95，143.48，144.08, 160.82 (Ph 
&Py), 164.07 (NCPh). 
[Ge(BH3){N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}H] (38) 
A solution of [Ge{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}Cl] (27) (0.45g, l.Olmmol) in 
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T H F (30 ml) was added slowly to a stirring suspension of sodium borohydride 
(0.01 Og, 3.70mmol) in T H F (30 ml) at room temperature. The resulting yellow 
mixture was stirred for 3 days. After filtration and concentration of filtrate, a 
colorless crystalline solid of 38 was obtained. Yield: 0.18g (42%). M p : 112-115 
Anal. Found: C, 52.37; H , 7.28; N , 6.14. Calcd for QgHsiBGeNsSi!: C，53.43; H， 
7.32; N，6.56. ^H N M R (THF-J^)： S = -0.20 (s, 9H，SiMes), -0.18 (s, 9H, SiMes), 6.07 
(s, IH，Ge//), 7.45-7.51 (m，5H, Ph), 7.53 (m, IH, 5-py), 7.68-7.71 (d, IH, 3-py)，8.08 
(t, IH, 4-py), 8.69 (d，IH, 6-py). N M R (THF-ds)： S = 2.30, 2.67 (SiMes), 
116.16 (CSiMes), 122.14，125.78，128.54, 129.16, 131.19，131.53, 132.45, 141.42， 
144.17, 144.74, 158.39, (Ph & Py)，172.27 (NCPh). " B N M R (THF-ds)： d = -38.88. 
[Ge{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}(CCPh)] (39) 
LiCCPh (1.00ml, l.OOmmol, I M in THF) was added slowly to a solution of 
[Ge{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}CI] (27) (0.44g, 0.98mmol) in T H F (30 ml) 
at —90 The yellow solution was changed to brown immediately. The resulting 
brown suspension was raised to ambient temperature and stirred for 20h. The 
volatiles were removed under reduced pressure and the residue was extracted with 
CH2CI2. After filtration and concentration of filtrate, a yellow crystalline solid of 39 
was obtained. Yield: 0.20g (39%). Mp: 140-142 °C. Anal. Found: C, 61.12; H, 
5.51; N，5.36. Calcd for C27H32GeN2Si2.1/4CH2Cl2： C，61.22; H，6.13; N，5.24. ^ H 
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N M R (THF-^/^): d = -0.21 (s, 9H，SiMes), -0.19 (s, 9H, SiMes), 7.10-7.13 (m，3H, Ph)， 
7.20-7.22 (m，2H, Ph), 7.29 (m, IH, 5-py)，7.31 (m, 3H, Cethynyi/"/0, 7.38 (d, IH, 
CethynyiP/^ ), 7.39 (d，IH, 3-py), 7.61 (m, IH, CethynyiPh), 7.88 (t, IH, 4-py)，8.65-8.66 
(d，IH, 6-py). i3c{1h} N M R (CoDe): d = 2.28, 3.20 (SiMes), 103.09 (CSiMes), 
112.06 (GeCCPh), 115.80 (GeCCPh), 127.13, 127.32, 129.49, 130.11 (GeCCPh), 
118.94, 124.65, 125.89，131.86，132.73, 137.97, 144.68, 145.66, 156.56 (Ph & Py), 
170.98 (NCPh). 
[GeC(Ph)C(SiMe3)(C5H4N-2)]2 (40) 
A solution of [Ge{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}Cl] (27) (0.90g, 2.02mmol) in 
T H F (30 ml) was added slowly to a stirring suspension of lithium powder (0.049g， 
T.OOmmol) in T H F (30 ml) at —90 °C. The resulting dark purple mixture was stirred 
for 3 days. The solution was filtered and the volatiles were removed under reduced 
pressure. The residue was extracted with Et20. After filtration, addition of 2 ml of 
CH2CI2 and concentration of filtrate, a purple crystalline solid of 40 was obtained. 
Yield: 0.20g (15%). Mp: °C. Anal. Found: C，55.72; H, 5.17; N, 4.13. Calcd for 
C32H36Ge2N2Si2.3/4CH2Cl2： C, 55.11; H, 5.30; N, 3.93. ^H N M R (THF-^/^): 8 = 0.14 
(s, 9H, SiMes), 6.52-6.56 (t, IH, 5-Py), 6.77-6.79 (d，IH, 3-py), 7.14-7.19 (d, IH, 
6-py), 7.26-7.28 (m, 5H, Ph), 7.31-7.37 (t, IH, 4-py). N M R (THF-dg): S = 
3.35 (SiMes), 116.91 (CSiMes), 124.28, 126.84, 127.84, 128.61, 130.97，133.66, 
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139.77, 145.83, 157.28, (Ph & Py)，216.90 (GeCPh). 
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Chapter 2 Synthesis of Late Transition Metal 
Pyridyl-l-azaallyl Complexes 
2.1 Introduction 
2.1.1 General Aspects of 1-azaallyl Metal Complexes 
3 1 
Metal 7] -allyl complexes have been studied extensively over the past 40 years, 
but the chemistry concerning 1-azaallyl complexes has received less attention and 
interest until the past decade with a recent review summarizing this field.^  Similar to 
the allyl ligand, 1-azaallyl ligand consists of N — C — C backbone in the r/^-bonding 
mode with a delocalized negative charge. Some of the 1 -azaallyl ligands reported in 
the literature are shown in Figure 1.1. Alkali-metal 1-azaallyl metal complexes are 
used as ligand transfer reagents in the synthesis of main-group, transition and 
lanthanide metal complexes. Among the alkali-metal 1-azaallyl metal complexes, 
lithium 1-azaallyl metal complexes are commonly used, but sodium or potassium 
1 -azaallyl prepared by the reaction of Bu^OM (M = N a or K ) with lithium 1-azaallyl 
complexes〗 are also used. The metal 1-azaallyl complexes can easily be synthesized 
from metathesis reaction between alkali-metal 1-azaallyl complexes and metal halide. 
For example, tin(II) 1-azaallyl complex [Sn{/x-N(R)=C(Ph)CPh}]2 was synthesized 
from the metathesis reaction of SnBr! with 2 equivalents of [K {N(R)C(Ph)C(H)Ph} ] 
The zirconium complex [Zr{N(R)C(Bu)C(H)Ph}Cl3] is an active catalyst for 
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polymerization of propylene. Highly monodispersed atactic polypropene under 
ambient conditions，，。can be prepared. The lanthanide(II) 1-azaallyl complexes 
[Sm{N(R)C(Bu)C(H)R}2(THF)] and [Yb{N(R)C(Bu)C(H)R}2] were prepared from 
the reaction of Sml2(THF)2 or Y b ^ with corresponding potassium 1-azaallyl 
complexes.^ 
Bu( Ar Ph 
M e a S i — — M e g S i — — M e g S i  
R, = H Ar = Ph 
R’ = SiMe3 Ar-C6H4F-4 
R’ = Ph Ar 二 C6H4Br-4 
R’ = C6H4Me-4 Ar = C^HfiMeA 
R' R" H 
R" A r — — R "  
© o U 
R" = CHMe2，R' = Me Ar = H, R" = Pr R" = Et, R’ = Me 
R" = H, R' = Ph Ar = SiMe]，R’ = R" = Ph R" = R’ = Me 
R" = Me, R' = Ph R" 二 R丨=Pr' 
R" = Ph, R’ = Me 
R, 
Meo Bu' 
\ 0 / ^N^C(H)S iMe3 [ j r 
R' 
R| = Ph, Bu' 
Fig. 2.1 Some known 1-azaallyl ligands 
In general, there are two principal routes for preparing lithium 1-azaallyl 
complexes. The first one involves deprotonation of an aldimine, ketimine, or similar 
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unsaturated species.^ A series of metal complexes has been reported recently 
(Scheme 1.1).^ 
\ n N � 
LiBu" or LiNPr,2 I ^ ^^ 
R’，R" or R”，= H , alkyl or aryl 
Scheme 2.1 
The second route is by insertion of lithium bis(trimethylsilyl)methyl 
complex Li[CH3-nRn] (n = 1,2 or 3; R = SiMes) into an a-H-free nitrile R ' C N (R'= 
Bu^ or Ph) (Scheme 2.2). The mechanism involves nucleophilic attack of 
[(SiMe3)2HC]- carbanion at the nitrile carbon atom followed by a l,3-SiMe3 shift 
from carbon to nitrogen to form the lithium 1-azaallyl complex (Scheme 2.3).^  
Bu^  
Et20 
2 LiCHR2 + 2 Bu^CN • 






Li[CH(SiMe3)2] • ^ p 




The 1-azaallyl ligand can bind to a metal in different bonding configurations, 
depending on the nature of substituent groups on the ligand, the nature of the metal 
and the presence or absence of neutral coligands. Different bonding modes are 
shown in Figure 2.2. 
>令一 —?八:C 
Z I / I I I \ 
M M M M 
rj^ -iminoalkyl r/^ -enamido C, "-bridging V-alkenyl 
Fig. 2.2 Different bonding modes of 1-azaallyl ligand 
The 17^-iminoalkyl bonding mode is the most c o m m o n one, such as in 
[Al{N(SiMe3)C(Ph)C(SiMe3)2}Cl2] (I) ”，[Zr{N(SiMe3)C(Bu^)C(H)Ph}Cl2] (11)6, 
[Sn{N(SiMe3)C(Bu')C(H)SiMe3}2] (III)^l [Yb{N(SiMe3)C(Bu')C(H)SiMe3}2] (IV)^ 
[Fe {N(SiMe3)C(Bu')C(H)SiMe3} 2] (V)4， [U{N(Ar)C(Me)CHC(Me)N(Ar)}-
{N(Ar)C(Me)CH(C(Me)-N(Ar))}I] (Ar 二 2,6-/-Pr2C6H3) ( V l f (Figure 2.3). The 
171-enamido bonding configuration is favored in complexes containing bulky 
1-azaallyl ligands or the presence of strong neutral donors such as in 
[Mg{C(H)SiMe3(C5H4N-2)}2(HMPA)2] (VII)^', [Al{N(SiMe3)C(Ph)C(SiMe3)2}Cl2]-
(THF) (VIII) u, [PhsPCu{N(SiMe3)C(Bu>C(H)SiMe3}] (IX)^^ (Figure 2.4). The 
bridging mode has been observed in metal(I) complexes 
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[M{/x-N(SiMe3)C(Bu)C(H)SiMe3}]2 (M = Cu (X), A u (XI))'^ (Figure 2.5) forming 
eight-membered rings. The r/'-alkenyl bonding mode has been reported in 
heteroleptic germylene complexes [Ge {C(C5H4N-2)C(Ph)N(SiMe3)2}-
{N(SiMe3)C(Ph)C(SiMe3)- (C5H4N-2)}] (XII)" (Figure 2.6). 
SiMea 
/ H Ph SiMe3 
CI / h \/ / 
\ /\\ C N 
\ l > — P h B u 、 c f \ / Y c z B u ^ 
S i M e ， MesSi , CI CI、卩： 
I II 
Me3Si\7 /SiMes MesSi、^ /SiMe。 
B u L 例卜 
MesSi, / > M e 3 MegSi, i^SiMea 
III IV 
Ar\ 
Me3Si\7 /SiMe3 \ / 
N Y n " 
MeaSi i SiMea 
V VI 




HAPMH+M\g、HMPA , SiMe。 >=CH(SiMe3) 
M T H F - < Ph3P-Cu-N； MesSi ， \ SiMe3 
、 CI 
VII VI I I IX 
Fig. 2.4 T/i-enamido bonding mode 
\C—Cu—N )C-Au—N\ 
Ph—/ 、〇—Ph Ph—C\ C—Ph 
N—Cu—C. N—Au—C. 
M。o/ \\siMe3 Me SjZ \ SiMea MeaSi SiMea MegSi SiMeg 
X XI 
Fig. 2.5 C,A^ -bridging mode 
Ph 
Me3Si\ Ge^ 1 
/ — = ( \iMe3 
XII 
Fig 2.6 r/i-alkenyl bonding mode 
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2.1.2 Synthesis of Pyridyl-l-azaallyl Metal Complexes 
The synthesis of novel lithium pyridyl-l-azaallyl complex 
[Li{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}]2 (26)^ ^ from 1,2 insertion of PhCN into 
[Li{C(SiMe3)2(C5H4N-2)}]2 (41)^^ followed by 1,3 trimethylsilyl shift has been 
reported (Scheme 2.4). The monoanionic ligand [N(SiMe3)C(Ph)-
C(SiMe3)(C5H4N-2)]- is expected to have good a- and 7r-donating properties. The 
steric and electronic properties of the ligands can be tuned by changing the substituent 




L 力 N 、 . N — S i M e a 
Li Li 2 PhCN M 丫 
N tolene, 0°C M e g S i — ^ N ^ ^ 





Compound 26 is a yellow air-sensitive crystalline solid, soluble in EtsO, T H F 
and toluene but sparingly soluble in other hydrocarbon solvents. It has been 
characterized by N M R spectroscopy, elemental analysis and mass spectrometry. 
Both the 1h and ^^C N M R spectra showed typical resonances of SiMes, pyridyl and 
phenyl groups. ^^ The molecular structure of 26 has been determined by 
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single-crystal X-ray crystallography (Figure 2.7). Compound 26 is a 
centrosymmetric dimer with a central LisN〗 rhombus and NSiMes groups, the Li 
atoms being three coordinate. The bonding within the N C C C N ligand backbone is 
highly localized, leaving the aromaticity of the pyridyl ring largely unaffected. This 
is in contrast to [Li {N(SiMe3)C(Ph)C(H)C(Ph)N(SiMe3)} that showed 
delocalization in the ligand backbone. The L i N C C C N metallacycles are highly 
puckered and the steric congestion at the N C C C N skeleton is revealed by the large out 
of plane rotation of the phenyl group relative to the C(6)-C(7)-C(8) plane, preventing 
effective conjugation of C(6)-C(7) double bond. This steric congestion has also 
been observed in [Zr{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}2Cl2].^® 
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C(2) 
cm) c(i2) ^ O T ^ ^ 
Fig. 2.7 ORTEP drawing of 26; hydrogen atoms are omitted for clarity. Selected bond distances [A] 
and angles [。]: Li(l)-N(l) 1.979(5), Li⑴-N(2) 2.008(5)，Li⑴-N(2A) 2.015(5)，N(2)-C(7) 1.415(3)， 
C(6)-C(7) 1.349(4)， C(5)-C(6) 1.512(4), N(l)-C(5) 1.341(3); N(2)-Li(l)-N(2A) 104.3(2), 
Li(l)-N(2)-Li(lA) 75.7(2), N(l)-Li(l)-N(2A) 156.9(3), N(l)-Li(l)-N(2) 98.6(2), Li(l)-N(2)-C(7) 
95.6(2), N(2)-C(7)-C(6) 126.5(3), C(7)-C(6)-C(5) 118.1(2), C(5)-N(l)-Li(l) 107.9(2). 
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The pyridyl-l-azaallyl ligand can accommodate a wide range of metal size 
through different bonding configurations. Recently, our group has reported the 
synthesis of pyridyl-l-azaallyl lanthanide metal complexes. Treatment of 26 with 1 
equivalent ofLnCls afforded [Ln{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}2(|Li-Cl)]2 (Ln = 
G d (42), D y (43), Er (44) or Y b (45)). Reaction of 26 with 1 equivalent of SmCls 
gave the dichloro "ate" complex [Sm{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}2-
(l^-Cl)2Li(THF)2] (46) (Scheme 2.5).^ ^ 
MegSi / = = 
MegSi—N 
LnCl3 ^ ^ N 
SiMes Z M \SiMe3 ^ 
L MegSi Ph 」 ^ 
c^iMp Ln = Gd (42) 
\》N\ /N—戮3 Dy(43) 
Er (44) 










Compound 26 is a ligand transfer reagent in the synthesis of main group 14 metal 
complexes. Treatment of 26 with equimolar amount of GeCl2.dioxane afforded 
[Ge{C(C5H4N-2)C(Ph)N(SiMe3)2}{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}] (47). 
X-ray structure shows that germanium(II) center is bonded to an 
7V,A/^ '-pyridyl-enaniido ligand and an r/^ -alkenyl ligand. A similar reaction of 26 with 
MCI2 (M = Ge, Sn or Pb) in a 1:1 or 1:2 ratio gave the metal enamides 
[M{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}2] (M = Sn (48) and Pb (49) or 
[M{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}Cl] (M = Ge (27)，Sn (50) and Pb (51)), 
respectively. The reaction of 26 with 2 equivalents of GeCU in THF afforded 
[Ge{C(C5H4N-2)C(Ph)N(SiMe3)}Cl2]2 (52). The X-ray structure of 52 shows that 
each germanium center is bonded to two alkenyl-amido ligands to form an 
eight-membered heterocyclic ring. Treatment of 26 with 2 equivalents of HSiCls in 
T H F gave [{(C5H4N-2)C(SiMe3)C(Ph)N}OSiHCl)]2 (53). It is shown that each 
silicon center is bonded to two imido ligand to form a four-membered ring. The 
reactivity is summarized in Scheme 2.6. ^^  
Early transition metal pyridyl-l-azaallyl complex has been reported and 
structurally characterized. The synthesis of [Zr{N(SiMe3)C(Ph)C(SiMe3)-
(C5H4N-2)}2Cl2] (54) by treatment of 26 with 1 equivalent of ZrCU in Et20 has been 
reported (Scheme 2,1)}^ 
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， ； 令 N ? 
47 SiMe3 / M = Sn(48),Pb(49) 
GeCl2.dioxane \ ^ l ^ p ^ / MCI2 
SiMe3 MesSi-TjjZ 26 
/ SiMe3 \ •• 
Cl-Si-N. / y^SiHCl3 2MCl2\ MesSi ^ M 
N'Si-Cl X 、 P h N f \ 
O ^ M 而 
MesSi 






f r V r ^ 




It has already been shown that lithium pyridyl-l-azaallyl complex 26 is good 
ligand transfer reagent in the synthesis of main group, early transition and lanthanide 
metal complexes, where the ligand coordinates to the metal in different bonding 
modes depending on the substituents on the ligand and the nature of metal. 
In this chapter, the synthesis and characterization of late transition metal 
complexes containing pyridyl-l-azaallyl ligand [N(SiMe3)C(Ph)-
C(SiMe3)(C5H4N-2)]_ with different bonding modes is reported. 
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2.2 Results and Discussion 
2.2.1 Synthesis of Late Transition Metal Pyridyl-l-azaallyl Complexes 
Treatment of 26 with equimolar of MCI2 ( M = M n , Fe, Co or Cu) in T H F 
afforded homoleptic pyridyl-l-azaallyl metal(II) complexes [M{N(SiMe3)C(Ph)-
C(SiMe3)(C5H4N-2)}2] ( M = M n (55)，Fe (56), Co (57), Cu (58) (Scheme 2.8). 
X-ray structure analysis showed that the metal centers in 55-58 are bonded to two 
T)^  -pyridyl-enamido ligands. 
SiMeg 
^™F，0。C ‘ 广 
人 ^ / V ^ 









The reaction of 26 with two equivalents of Cul in T H F gave the 
pyridyl-l-azaallyl copper(I) complex [Cu{C(C5H4N-2)C(Ph)N(SiMe3)2}]2 (59) 
(Scheme 2.9). Each copper(I) center is bonded by two pyridyl-l-azaallyl ligands in 
a C，N bridging bonding mode. The pyridyl-l-azaallyl ligand acted as C-centered 
nucleophile to form intermediate compound [Cu{C(C5H4N-2)(SiMe3)-
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C(Ph)=N(SiMe3)}] which then underwent 1,3-silyl shift followed by dimerization to 
give 59 (Scheme 2.10). It decomposes to copper metal in solution at room 
temperature upon contact with air. 
SiMe3 Me3Si\ /SiMe3 
• n 、 , n — s 一 2Cul ‘ 
M e s S i — N z L i \ i ’ THF, G。C ^ ^ ^ U - N ^ 




“ 「 [ P i Cu 1 ^ " V P h 
2 ^ ^ C u — l _ _ ^ 2 ^ ^ N ^ C u — / 
Me3Si 々 奋 、 S i M e " " P h ^ ^ N 





2.2.2 Spectroscopic Properties of 55-59 
Compound 55 is a yellow air-sensitive crystalline solid, while 56-58 are dark red 
air-sensitive crystalline solids. Compound 59 is a bright-orange air-sensitive 
crystalline solid. Compounds 55-59 are soluble in T H F and sparingly soluble in 
Et20 and toluene. Compounds 55-58 have been characterized by elemental analysis 
while 59 has been characterized by elemental analysis and N M R spectroscopy. 
As 55-58 are paramagnetic, no satisfactory N M R spectra have been recorded. 
The ^H and ^^C N M R of 59 showed a singlet which was assigned to the equivalent 
SiMes group. It also displayed one set of signals due to the pyridyl and phenyl ring, 
consistent with the solid-state structure of 59. 
The FAB-mass spectrum of 57 showed the [M - 2SiMe3 + 2]+ peak while 58 
showed the molecular ion peak M + in the FAB-mass spectrum. However, there were 
no significant peaks in the FAB-mass spectrum of 55 and 56. 
70 
2.2.3 Molecular Structures of Compounds 55-59 
The solid state structures of compounds 55-59 have been determined by 
single-crystal X-ray diffraction. The rj^  -pyridyl-1 -enamido ligands in 55-58 are 
coordinated to the metal centers in TV,A/^ '-chelate manner. The geometry around the 
metal centers in 55-57 is tetrahedral while that in 58 is a square-planar. The 
rj^ -pyridyl-1 -enamido character of the pyridyl-l-azaallyl ligand is shown by short 
M-Namide, loHg Namide-C and shoit C = C as compared with ry^ -l-azaallyl ligand (long 
M - N , short C-N and long C = C bond). The negative charge is localized at the amido 
nitrogen leaving the aromaticity of the pyridyl ring unaffected. 
Compounds 56 and 57 are isomorphous. Compounds 55-58 are monomeric 
homoleptic metal(II) complexes. The molecular structure with the atom-numbering 
schemes for 55, 56 and 58 is shown in Figures 2.8-2.10. Selected bond distances (A) 
and angles (deg) are listed in Tables 2.1-2.3. The Mn-Namide bond distances of 
2.060(2) A, 2.063(2) A, 2.152(2) A in 55 are comparable to Mn-N single bond 
distances of 2.036 A and 2.135 A in [Mn{N(Bu')=C(H)C6H3(Me)NH}2]The 
Fe-Namide bond distances of 1.988(2) A and 2.069(2) A in 56 are similar to Fe-N 
single bond distances of 1.916(4) A in [Fe{N(SiMe3)C(Bu)CH(C6H4Me-4)}2]严 
2.111(8) A and 2.135(5) A in [Fe{C(SiMe3)2(C5H4N-2)}2].25 The Co-Namide bond 
distances of 1.960(2) A and 2.018(2) A in 57 are comparable to that of 1.880(4) A in 
71 
[Co{C(SiMe3)2(C5H4N-2)}2]，24 1.923(4) A in [Co{C(SiMe3)2(C5H4N-2)}2]26 and 
2.020(1) A, 2.040(1) A，2.100(1) A and 2.101(1) A in [{Co(CH(SiBu'ME2)-
(C5H4N-2))2}2].26 The Cu-Namide bond distances of 1.972(2) A and 1.991(2) A in 58 
are similar to that of 1.975(3) A and 1.991(3) A in [Cu(IM2PhO)2]^^ (IM2PhO = 
2-(4,4,5,5-tetramethylimidazolin-l-oxyl-2-yl)phenolate). 
C36 
Fig. 2.8 Molecular Structure of [Mn{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}2] (55) 
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Table 2.2 Selected Bond Distances ( A ) and Angles (deg) for Compounds 55-56 
Mn(l)-N(l) 2.152(2) Mn(l)-N(2) 2.060(2) 
Mn(l)-N(3) 2.152(2) Mn(l)-N(4) 2.063(2) 
N(2)-C(10) 1.372(2) C(10)-C(6) 1.386(3) 
C(6)-C(l) 1.475(3) N(4)-C(29) 1.371(2) 
C(29)-C(25) 1.389(3) C(25)-C(24) 1.473(3) 
C(l)-N(l) 1.351(3) C(24)-N(3) 1.353(3) 
N(2)-Mn(l)-N(4) 132.0(7) N(2)-Mn(l)-N(l) 90.2(6) 
N(4)-Mn(l)-N(l) 115.9(7) N(2)-Mn(l)-N(3) 123.9(7) 
N(4)-Mn(l)-N(3) 88.4(7) N(l)-Mn(l)-N(3) 106.2(7) 
Mn(l)-N(2)-C(10) 113.3(1) N(2)-C(10)-C(6) 127.4(2) 
C(10)-C(6)-C(l) 122.4(2) C(6)-C(l)-N(l) 122.3(2) 
C(l)-N(l)-Mn(l) 119.3(1) Mn(l)-N(4)-C(29) 109.8(1) 
N(4)-C(29)-C(25) 125.9(2) C(29)-C(25)-C(24) 121.2(2) 
C(25)-C(24)-N(3) 121.6(2) C(24)-N(3)-Mn(l) 118.0(1) 
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^^ ^ ^ C V 
Fig. 2.9 Molecular Structure of [Fe{N(SiMe3)C(Pli)C(SiMe3)(C5H4N-2)}2] (56) 
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Table 2.2 Selected Bond Distances ( A ) and Angles (deg) for Compounds 55-56 
[M{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}2] 
M = Fe(55) M = Co(56) 
M(l)-N(l) 2.069(2) 2.018(2) 
M(l)-N(2) 1.988(2) 1.960(2) 
N(2)-C(10) 1.365(2) 1.371(2) 
C(10)-C(6) 1.393(3) 1.391(3) 
C(6)-C(5) 1.470(3) 1.470(3) 
C(5)-N(l) 1.356(2) 1.358(2) 
N(2)-M(1)-N(2A) 124.9(9) 122.3(9) 
N(2)-M(l)-N(l) 92.7(6) 94.8(6) 
N(2A)-M(1)-N(1) 122.5(6) 121.4(6) 
N(1A)-M(1)-N(1) 101.6(9) 102.4(9) 
M(l)-N(2)-C(10) 114.7(1) 114.4(1) 
N(2)-C(10)-C(6) 126.7(2) 126.7(2) 
C(10)-C(6)-C(5) 122.4(2) 122.3(2) 
C(6)-C(5)-N(l) 121.8(2) 121.7(2) 
C(5)-N(l)-M(l) 119.8(1) 119.7(1) 
Symmetry transformations used to generate equivalent atoms: 
A -X, y, -z+1/2 
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M H t Y V 
Fig. 2.10 Molecular Structure of [Cu{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}2] (58) 
Table 2.3 Selected Bond Distances (A) and Angles (deg) for Compound 58 
Cu(l)-N(2) 1.972(2) Cu(l)-N(l) 1.991(2) 
N(2)-C(9) 1.363(3) C(9)-C(16) 1.399(3) 
C(16)-C(1A) 1.458(3) C(l)-N(l) 1.358(3) 
N(2)-Cu(l)-N(2A) 180.0(2) N(2)-Cu(l)-N(1A) 86.0(8) 
N(2)-Cu(l)-N(l) 94.0(8) C(l)-N(l)-Cu(l) 118.7(2) 
Cu(l)-N(2)-C(9) 114.0(2) N(2)-C(9)-C(16) 124.7(2) 
C(9)-C(16)-C(1A) 117.5(2) C(16A)-C(1)-N(1) 121.4(2) 
Symmetry transformations used to generate equivalent atoms: 
A -X，-y, -z 
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The molecular structure with the atom-numbering schemes for 59 is shown in 
Figure 2.11. Selected bond distances (A) and angles (deg) are listed in Table 2.4. 
Compound 59 is a centrosymmetric dimer in which two copper(I) centers joined to 
two pyridyl-l-azaallyl ligands to form an eight-membered ring. The geometry at the 
copper(I) centers are approximately linear, with bond angles of C(6)-Cu(l)-N(3) and 
C(25)-Cu(2)-N(l) are 170.3(1)。and 169.5(9)。respectively. Each copper(I) center is 
bridged by two pyridyl-l-azaallyl ligands in a C,A^-bridging mode. The Cu-C bond 
distances of 1.902(3) A and 1.908(3) A and Cu-Namide bond distances of 1.922(2) A 
and 1.925(2) A in 59 are comparable to Cu-C bond distance of 1.943(6) A and 
Cu-Namide bond distance of 1.921(5) A in [Cu{/x-N(SiMe3)C(BiOC(H)SiMe3}]2」6 
The Cu-Cu distance of 2.527(1) A in 59 is comparable to that of 2.499(2) A in 
[Cu{/x-N(SiMe3)C(Bu)C(H)SiMe3}]2.i6 The C(6)-C(7) and C(25)-C(26) bond 
distances are 1.349(4) A and 1.369(4) A respectively, indicative of double bonds, 
while C(7)-N(2) and C(26)-N(4) bond distances are 1.473(3) A and 1.487(3) A , 
indicative of single bonds. Thus, the bonding within the N C C C N ligand backbone is 
localized. 
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Table 2.2 Selected Bond Distances ( A ) and Angles (deg) for Compounds 55-56 
Cu(l)-C(6) 1.908(3) Cu(l)-N(3) 1.922(2) 
Cu(l)-Cu(2) 2.527(1) Cu(2)-C(25) 1.902(3) 
Cu(2)-N(l) 1.925(2) C(6)-C(5) 1.482(4) 
C(6)-C(7) 1.349(4) C(7)-N(2) 1.473(3) 
C(25)-C(24) 1.453(3) C(25)-C(26) 1.369(4) 
C(26)-N(4) 1.487(3) 
C(6)-Cu(l)-N(3) 170.3(1) C(6)-Cu(l)-Cu(2) 81.7(8) 
N(3)-Cu(l)-Cu(2) 88.7(7) C(25)-Cu(2)-N(l) 169.5(9) 
C(25)-Cu(2)-Cu(l) 90.0(8) N(l)-Cu(2)-Cu(l) 88.6(7) 
Cu(2)-N(l)-C(5) 116.1(2) N(l)-C(5)-C(6) 118.6(3) 
C(5)-C(6)-Cu(l) 114.9(2) C(5)-C(6)-C(7) 121.5(2) 
C(6)-C(7)-C(8) 125.7(2) C(6)-C(7)-N(2) 121.6(2) 
Cu(l)-N(3)-C(24) 115.8(2) N(3)-C(24)-C(25) 117.6(2) 
C(24)-C(25)-Cu(2) 116.9(2) C(24)-C(25)-C(26) 119.3(2) 
C(25)-C(26)-C(27) 126.6(2) C(25)-C(26)-N(4) 119.7(2) 
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C17 
Fig. 2.11 Molecular Structure of [Cu{C(C5H4N-2)C(Ph)N(SiMe3)2}]2 (59) 
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2.3 Experimental for Chapter 2 
Materials: 
M n C h , FeCb, C0CI2, CuCl! and Cul were purchased from Aldrich Chemical Co. and 
used without further purification. 
[Mn{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}2】(55) 
A solution of [Li{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}]2 (26) (0.80g，l.lSmmol) in 
T H F (30 ml) was added slowly to a stirring suspension of MnCl〗(0.15g, 1.20mmol) 
in T H F (30 ml) at 0 The yellow suspension was raised to ambient temperature 
and stirred for 20h. The volatiles were removed under reduced pressure and the 
residue was extracted with Et20. After filtration and addition of 7ml of CH2CI2, 
followed by concentration of filtrate, yellow crystals of 55 were obtained. Yield: 
0.54g (740/0). M p : 190-192°C. Anal. Found: C，61.23; H , 7.44; N，7.40. Calcd for 
C38H54MnN4Si4.1/6CH2Cl2： C, 61.26; H，7.32; N，7.49. 
[Fe{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}2】(56) 
A solution of [Li{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}]2 (26) (0.49g，0.71mmol) in 
T H F (30 ml) was added slowly to a stirring suspension of FeCl〗(0.1 Og, O.SOmmol) in 
T H F (30 ml) at 0 The red suspension was raised to ambient temperature and 
stirred for 20h. The volatiles were removed under reduced pressure and the residue 
was extracted with Et20. After filtration and addition of 5 ml of CH2CI2, followed 
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by concentration of filtrate, red crystals of 56 were obtained. Yield: 0.36g (69%). Mp: 
195-197。C. Anal. Found: C, 59.47; H，7.13; N，7.20. Calcd for C38H54FeN4Si4.1/2 
CH2CI2： C, 59.58; H, 7.17; N , 8.12. 
[Co{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}2] (57) 
A solution of [Li{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}]2 (26) (0.47g, 0.67mmol) in 
T H F (30 ml) was added slowly to a stirring suspension of C0CI2 (0.1 Og, 0.75mmol) in 
T H F (30 ml) at 0 The red suspension was raised to ambient temperature and 
stirred for 20h. The volatiles were removed under reduced pressure and the residue 
was extracted with Et20. After filtration and addition of 5 ml of CH2CI2, followed 
by concentration of filtrate, red crystals of 57 were obtained. Yield: 0.27g (55%). Mp: 
198-200。C. Anal. Found: C, 59.29 ； H, 7.24; N，7.34. Calcd for C38H54CoN4Si4.1/2 
CH2CI2： C, 59.23; H, 7.10; N , 7.18. FAB-MS: m/z found: 593 [M — 2SiMe3 +2]+. 
[Cu{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}2] (58) 
A solution of [Li{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}]2 (26) (0.70g, l.Olmmol) in 
T H F (30 ml) was added slowly to a stirring suspension of CuCb (0.15g, l.lOmmol) in 
T H F (30 ml) at 0 The red suspension was raised to ambient temperature and 
stirred for 20h. The volatiles were removed under reduced pressure and the residue 
was extracted with EtiO. After filtration and concentration of filtrate, yellow 
crystals of 58 were obtained. Yield: 0.23g (30%). Mp: 199-201°C. Anal. Found: C， 
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60.76; H, 7.05; N, 7.30. Calcd for C38H54CuN4Si4.Et20: C, 60.90; H, 7.67; N, 7.10. 
FAB-MS: m/z found: 743 [M]+. 
[Cu{C(C5H4N-2)C(Ph)N(SiMe3)2}】2(59) 
A solution of [Li{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}]2 (26) (0.43g, 0.62mmol) in 
T H F (30 ml) was added slowly to a stirring suspension of Cul (0.24g, 1.27mmol) in 
T H F (30 ml) at 0 The orange suspension was raised to ambient temperature and 
stirred for 20h. The volatiles were removed under reduced pressure and the residue 
was extracted with Et20. After filtration and addition of 5 ml of CH2CI2, followed 
by concentration of filtrate, bright-orange crystals of 59 were obtained. Yield: 0.50g 
(50%). M p : 163-165^C. Anal. Found: C, 52.81; H，6.47; N , 6.49. Calcd for 
C38H54Cu2N4Si4.CH2Cl2： C, 52.56; H , 6.33; N，6.29. ^ H N M R (THF-而)：5 = 0.31 (s, 
18H，SiMes), 6.52-6.54 (d, IH, 3-py), 6.74-6.78 (t, IH, 5-py), 7.00-7.02 (m, 3H, Ph), 
7.12-7.18 (m，2H, Ph), 7.60-7.63 (d，IH, 4-py), 8.26-8.28 (m, IH, 6-py). 
N M R (TRF-ds): d = 4.41 (SiMes), 118.39 (CSiMes), 126.98，127.52, 128.35, 129.09, 
129.21, 132.64，137.49, 145.24, 149.42, 153.69, 161.11 (Ph & Py)，176.05 (NCPh). 
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Appendix I 
A. General Procedures 
All experiments were performed under nitrogen atmosphere using standard 
Schlenk techniques. Solvents were dried over and freshly distilled, under nitrogen, 
from CaH2 (hexane), sodium benzophenone ketyl (THF, EtiO), sodium/potassium 
alloy (pentane, toluene) and degassed twice by freeze-thaw cycle prior to use. 
B. Physical and Analytical Measurements 
(i) Spectroscopic Measurements 
1h NMR spectra were recorded at 300.13MHz using a Bruker DPX-300 
spectrometer. Chemical shifts were referenced to 6 7.15 for C g D g and d 3.58 for 
THF-Jg-
N M R spectra were recorded at 75.49MHz using a Bruker DPX-300 
spectrometer. Chemical shifts were referenced to S 128.00 for CeDe and d 67.40 for 
THF-Jg. 
i^B and ^^Se N M R spectra were recorded using Varian 400 spectrometer at 
128.32MHz and 76.28MHz, respectively and chemical shifts were referenced to d 
0.00 for BF3.Et20 and 6 0.00 for MezSe, respectively. 
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(ii) Microanalysis 
Elemental (C, H , N ) analysis was performed by M E D A C Ltd., Department of 
Chemistry, Brunei University, Uxbridge, Middlesex, U.K. 
(iii) Melting Point Measurements 
Melting points were recorded on an Electrochemical Melting Point Apparatus 
and were uncorrected. 
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Appendix II 
Table A. 1 • Selected Crystallographic Data for Compounds 33-36. 
Table A.2. Selected Crystallo graphic Data for Compounds 37-40. 
Table A.3. Selected Crystallo graphic Data for Compounds 56-58. 
Table A.4. Selected Crystallo graphic Data for Compound 59. 
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Table A.l . Selected Crystallographic Data for Compounds 33-36 
33 34 35 36 
formula CigHsvClGeNzSSi! Ci9H27ClGeN2Si2Se QosHmCLiCmGeANsOsSis Ci9H27AuClGeIN2Si2 
I Fw 479.71 526.61 3129.18 771.51 
color Yellow Yellow Yellow Yellow 
I cryst. Syst. Monoclinic Triclinic Tetragonal Triclinic 
I space group C2/c PT P42iC Pi 
； a (A) 33.234(3) 6.7285(13) 22.2933(8) 8.4991(9) 
i b(A) 6.5646(3) 11.154(2) 22.2933(8) 11.1497(12) 
！ c(A) 21.5209(3) 16.577(3) 14.1706(7) 14.3709(15) 
j ce(deg) 90 86.17(3) 90 80.216(2) 
(3 (deg) 90.750(2) 88.45(3) 90 73.291(2) 
7 (deg) 90 76.08(3) 90 85.197(2) 
V{A') 4694.8(6) 1204.8(4) 7042.7(5) 1284.5(2) 
Z 8 2 2 2 
dialed (g cm-3) 1.357 1.452 1.476 1.995 
/i(mm-i) 1.616 2.998 2.502 8.281 
F(000) 1984 532 3152 728 
cryst size (mm) 0.50 x 0.40 x 0.20 0.50 x 0.40 x 0.30 0.40 x 0.30 x 0.20 0.50 x 0.40 x 0.20 
26 range (deg) 1.23-28.72 1.23-25.60 1.29-25.00 1.85-25.00 
index range -38 ^ -7 ^ <7, -26 ^ -9 ^  <10 
-8 让 <8, -13 让 <0, -24 ^ -13 ^ <13 
-27 ^ -20 ^ <19 -16 ^ <16 -17 ^ <17 
no. of rflns collected 16056 3778 37635 6860 
no. ofindep rflns 6019 3778 6217 4472 
JU, wRl (/> 2{o)I) 0.0668,0.1534 0.0722,0.1955 0.0429,0.0901 0.0951,0.2724 
Rl, wRl (all data) 0.1606,0.2041 0.0771,0.2043 0.1110,0.1223 0.1076，0.2814 
g o o d n e s s o f f i t , 0.949 1.082 0.915 1.038 
no. of 6019/0/235 3778/0/235 6217/0/334 4472/6/244 
data/restraints/params 
largest diff peaks, e人 ^ 1.169 to -0.582 1.029 to -1.399 0.515 to -0.936 4.235 to -3.750 
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Table A.2. Selected Crystallographic Data for Compounds 37-40 
^ ^ ^ 40 
formula CssHAvClGeNzOsSi� CigHsiBGeNzSi: CzyHazGeNsSi� CszHssGezNsSi] 
Fw 667.95 427.04 513.32 649.99 
color Colorless Colorless Yellow Purple 
cryst. Syst. Monoclinic Monoclinic Triclinic Orthorhombic 
space group P2i/n P2i/n PT Pbcn 
a (A) 14.5791(6) 18.195(4) 8.3622(17) 24.741(3) 
b(A) 15.7184(6) 11.688(2) 11.227(2) 18.729(2) 
c(A) 17.5428(7) 11.192(2) 16.899(3) 13.8608(17) 
a (deg) 90 90 107.28(3) 90 
/3(deg) 113.8510(10) 99.29(3) 90.39(3) 90 
7 (deg) 90 90 100.47(3) 90 
V(A') 3676.8(3) 2348.9(8) 1486.6(5) 6422.9(14) 
Z 4 4 2 8 
dcaicd (g cm"') 1.207 1.208 1.147 1.344 
/x(mm-i) 1.000 1.411 1.126 1.969 
F(000) 1408 896 536 2672 
cryst size (mm) 0.80 x 0.50 x 0.40 0.50 x 0.40 x 0.30 0.50 x 0.40 x 0.20 0.40 x 0.30 x 0.20 
26 range (deg) 1.54-28.01 2.08-25.00 2.53-25.23 1.36-28.05 
index range -15 ^ <19 -21 ^ -9 ^ <8 -32 ^ 
-20 众 〈 0 -13 ^ <13 0 众 <13 -24 ^ 
-23 ^ <13 0 ^ <12 -20 ^ <19 -18 ^ <18 
no. of rflns collected 24539 6089 4499 41849 
no. ofindep rflns 8862 3568 4499 7763 
Rl, wRl (/> 2{o)I) 0.0463, 0.1133 0.0542, 0.1490 0.0524, 0.1413 0.0571，0.1215 
Rl, wR2 (all data) 0.0876, 0.1300 0.0585, 0.1591 0.0571, 0.1486 0.2197, 0.1825 
goodness of fit,尸2 0.958 1.165 1.062 0.917 
no. of 8862/0/370 3568/0/242 4499/0/289 7763/0/343 
data/restraints/params 
largest diff peaks, eA'' 0.893 to -0.242 0.480 to -0.726 0.384 to -0.607 0.435 to -0.829 
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Table A.3. Selected Crystallographic Data for Compounds 56-58 
^ ^ ^ ^  
formula C38H54MnN4Si4 C38H54FeN4Si4 CssHsACoNiSi* C38H54CuN4Si4 
Fw 734.15 735.06 738.14 742.75 
color Yellow Red Red Yellow 
cryst. Syst. Triclinic Monoclinic Monoclinic Triclinic 
space group Pi C2/c C2/c PT 
a (A) 11.5370(6) 27.0392(13) 26.9118(16) 8.2536(17) 
b(A) 12.7117(6) 10.0750(5) 10.0993(6) 10.434(2) 
c{A) 15.6444(8) 18.7218(9) 18.6000(10) 12.763(3) 
a (deg) 100.7630(10) 90 90 106.19(3) 
/5(deg) 90.7380(10) 126.6740(10) 126.2510(10) 91.05(3) 
7 (deg) 108.9430(10) 90 90 104.53(3) 
F(A') 2125.21(18) 4090.6(3) 4076.8(4) 1017.1(4) 
Z 2 4 4 1 
dcaicd (g cm"^) 1.147 1.194 1.203 1.213 
jLt(mm'i) 0.453 0.516 0.569 0.685 
F(000) 782 1568 1572 395 
cryst size (mm) 0.70 x 0.60 x 0.50 0.80 x 0.60 x 0.30 0.80 x 0.60 x 0.40 0.50 x 0.40 x 0.30 
2d range (deg) 1.96-28.69 1.88-28.00 1.88-28.00 2.11-25.00 
index range -15 ^ <15 -35 ^ -35 ^ -9 ^ <9 
-17 ^ <13 -11 ^ <13 -13 ^ <9 0 ^ <12 
-16 ^ -20 ^ 〈 4 -24 ^ -15 ^ <14 
no. of rflns collected 15026 13479 13331 3795 
no.ofmdeprflns 10673 4938 4916 3580 
R\, wR2 (/> 2(0)1) 0.0490, 0.1308 0.0430，0.1126 0.0468, 0.1252 0.0388, 0.1044 
R\, wR2 (all data) 0.0730, 0.1471 0.0595, 0.1232 0.0583, 0.1323 0.0507, 0.1107 
goodness of fit,厂2 1.023 1.037 1.048 1.048 
no. of 10673/0/424 4938/0/213 4916/0/213 3580/0/214 
data/restraints/params 
largest diff peaks, eA.; 0.622 to -0.260 0.590 to -0.201 0.714 to -0.395 0.234 to —0.488 
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cryst. Syst. Triclinic 
space group PT 




/5 (deg) 101.79(3) 
7 (deg) 106.14(3) 
(人 3) 2118.7(7) 
Z 2 
dcaicd (g cm"^ ) 1.264 
/x(mm-i) 1.147 
F(000) 848 
cryst size (mm) 0.30 x 0.20 x 0.10 
26 range (deg) 1.54-25.52 
index range -9 ^  <8 
0 众 <17 
-23 ^ 
no. of rflns collected 6042 
no. of indep rflns 6042 
R\,wR2{I> 2{o)I) 0.0891, 0.2528 
Rl, wR2 (all data) 0.0995, 0.2654 
goodness of fit, 1.150 
no. of 6042/0/434 
data/restraints/params 
largest diff peaks, eA'^  0.834 to -0.527 
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